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LLW Disposal Facility Federal Review Group Manual Revision History 

This Revision 3 of the Low-Level Waste Disposal Facility Federal Review Group 
(LFRG) Manual was prepared primarily to include review criteria for the review of 
transuranic (TRU) waste disposal subject to 40 CFR 191 (see Section 3.2). The 
previously separate Transuranic Waste Disposal Federal Review Group Manual and the 
LFRG Manual have been combined in this manual because of the many similarities in the 
review and approval processes required by DOE Manual 435.1-1 for low-level waste 
(LLW) and TRU waste disposal. The presentation of the two very similar processes in 
this document will facilitate identification of the common clements of the review and 
approval processes and the criteria for LLWand TRU disposal. The sharing of review 
experience and lessons learned between these closely related review communities is 
expected to strengthen the review and approval processes for both waste types. 

Revision 2 of the LFRG Manual was prepared primarily to address redundancy in the 
technical review criteria tor LLW disposal which are in Section 3.1. Over the course of 
several reviews, the LFRG noted that the technical review criteria, although thorough, 
were repetitive. The LFRG chairman commissioned a team of LFRG members and 
contractor specialists to propose revisions to the review criteria. The proposed criteria 
were then reviewed and approved by the LFRG. 

Revision 2 also included designation of the appropriate deputy assistant secretary to 
approve candidates nominated for LFRG membership, incorporation of some minor 
editorial changes, deletion of selected appendices where updated examples are posted on 
the LFRG web page, addition of the LFRG Qualification Standard, and revision of the 
Disposal Authorization Statement Section (i.e., Section 4). 
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1. INTRODUCTION 

The Department of Energy (DOE) and the National Nuclear Security Administration (NNSA) are 
responsible and have the regulatory authority for designing, constructing, operating, and closing 
low-level waste (LLW) disposal facilities in a manner that is protective of workers, the public, 
and the environment. DOE has the regulatory authority as the implementing agency for the 
disposal ofTRU waste in locations other than the Waste Isolation Pilot Plant (WIPP). In order to 
provide a reasonable expectation that disposal of LLWand TRU will provide this protection in 
the long term, disposal facility operators prepare documentation to satisfy the requirements of 
DOE 0 435.1 and 40 CFR 191, Subpart B including Performance Assessments (PAs) and 
Composite Analyses (CAs). 

Required by DOE Order (0) 435.1/40 CFR 191, these documents help establish design features 
and operating constraints that promote compliance with the order's performance objectives and 
related perfonnance measures. Perfonnance Assessments are anal yses of LLWITRU disposal 
facilities perfonned to demonstrate that there is a reasonable expectation that the long-term 
perfonnance objectives for a disposal facility will be satisfied. Composite analyses are used as a 
planning tool to analyze the potential offsite impact of a LLW disposal facility in combination 
with other radioactive source terms that are expected to remain at the site. The Department of 
Energy has the responsibility for reviewing and approving these radiological assessments 
utilizing DOE Order 435.1 and 40 CFR 191 as appropriate. The review and approval functions 
are performed by DOE/NNSA and field organizations. 

Following approval of the PA and CA for a disposal facility, a Disposal Authorization Statement 
(DAS) is prepared for approval by DOE Headquarters. The process for development of this key 
document and its content is also described in this manual. 

1.1 Low-Level Waste Disposal Facility Federal Review Group (LFRG) 

On June 27, 1997, the Deputy Assistant Secretaries for Waste Management and Environmental 
Restoration in the Office of Environmental Management (EM) established the LFRG to develop 
and implement a review process for LLW disposal facility PAs and CAs. The LFRG is charged 
with providing management with the necessary infonnation to detennine if LLW and TRU waste 
disposal facilities are designed, constructed, operated, maintained, and closed in a manner that 
protects the public and environment. The approved LFRG charter appears in Appendix A. DOE 
Order 435. I also requires that specific DOE-HQ Deputy Assistant Secretaries establish a process 
similar to that used for LLW disposal facilities for review and approval of PAs for TRU waste 
disposal facilities at sites other than WIPP. The LFRG is now responsible for reviewing and 
approving PAs and CAs fl)f TRU disposal facilities. 

DOE/NNSA management officials arc responsible for the approval of PAs and CAs in 
accordance with DOE 0 435.\ /40 eFR 191. The establishment of the LFRG assigned the 
responsibility to Federal employees for reviewing PAs and CAs. detell11ining compliance \vith 
perf0ll11anCe objectives and measures, and recommending the approval of PAs and CAs. 
Establishing the LFRG also centralized the LLW/TRU disposal facility PA and CA review 
process to fulfill DOE regulatory oversight responsibilities. 
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The LFRG consists of federal employees from DOE headquarters and field organizations. 
Members are selected to ensure the LFRG reflects the policy, technical, regulatory, and 
programmatic perspectives necessary to conduct effective PA and CA reviews. LFRG members 
are approved by the LFRG Chair and the appropriate DAS or Associate Deputy Administrator 
(EM/NNSA). Appendix E delineates the technical qualifications to be considered when 
appointing members to the LFRG. 

1.2 Purpose and Organization of this Manual 

This manual provides guidance for conducting reviews of DOE LLW and TRU disposal facility 
PAs and CAs (including revisions) in accordance with DOE 0435.1 and 40 CFR 191. Reviews 
shall be perfonned in accordance with these procedurcs and guidance. The LFRG is responsible 
for conducting the reviews for DOE LLWand TRU disposal facilities of different designs and 
with varying potential for impacting public safety and health and the environment. The guidance 
provided by this manual is intended to provide consistency in the conduct of and products from 
the review process. Review procedures and document fonnats may be modified, as appropriate, 
to address specific site conditions. Modifications to the procedures and fonnats contained in the 
guidance manual should be documented in the site-specific PA andlor CA review plans 
described in Chapter 2. 

This manual is also intended to aid DOE program offices, DOE field offices, and the site 
contractors in understanding ancl preparing for the review of their PAs and CAs, as well as 
participating in the PA and CA review processes. The manual also serves as a means of 
infonning other interested agencies and parties of the DOE processes for reviewing PAs and 
CAs. 

The approved PA and CA for a facility are key documents that support the granting of a disposal 
authorization statement for a disposal facility. This LFRG manual also provides guidance on the 
preparation and approval of such DASs. 

Reviewers who use this manual should report any feedback on or suggestions for improvement 
in the review process to the LFRG. Reviewers and personnel at the site being reviewed should 
be encouraged by the LFRG and the reviewers to provide this feedback. The LFRG should 
consider these critiques and develop updates to this LFRG Manual as appropriate. 

1.3 Purpose of PAs and CAs 

PAs are conducted to demonstrate that there is a reasonable expectation that LLW or TRU 
disposed at DOE LLW or TRU facilities. respectively. will not exceed the perfonnance 
objectives contained in DOE Manual (DOE M) 435.1. Radioactive Waste Management. andlor 
requirements of 40 CFR 191, Environmental Protection Standards for thc Management and 
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes and related 
measures associated with protection of the public from the inappropriate management of LLW 
and TRU. 
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The three perfonnance objectives imposed by DOE M 435.1-1 for LLWare: 

1)	 Dose to representative members of the public shall not exceed 25 mrem (0.25mSv) in a year 
total effective dose equivalent from all exposure pathways excluding the dose from radon 
and its progeny in air. 

2)	 Dose to representative members of the public via the air pathway shall not exceed 10 mrem 
(0.10 mSv) in a year total effective dose equivalent, excluding the dose from radon and its 
progeny. 

3)	 Release of radon shall be less than an average flux of20 pCi/m2/sec (0.74 Bq/m2/sec) at the 
surface of the disposal facility. Alternatively, a limit of 0.5 pCi/l (0.0185 Bq/I) of air may be 
applied at the boundary of the facility. 

DOE M 435.1-1 also requires, for purposes of establishing limits on radionuclides that may be 
disposed of near-surface, an assessment of impacts to water resources and an assessment of 
impacts calculated for a hypothetical person assumed to intrude inadvertently for a temporary 
period (up to one year) into the LLW disposal facility. The intruder analyses shall use 
perfonnance measures for chronic and acute exposure scenarios, respectively, of 100 mrem (1 
mSv) in a year and 500 mrem (5 mSv) total effective dose equivalent excluding radon in air. 

Performance assessments for TRU must demonstrate a reasonable expectation that TRU waste 
disposal facilities will meet the following 40 CFR 191 requirements: 

1) 40 CFR 191.13, Containment Requirements 
2) 40 CFR 191.14, Assurance Requirements 
3) 40 CFR 191.15, Tndividual Protection Requirements 
4) 40 CFR 191.16 or 191.24, Groundwater Protection Requirements 

Composite analyses are conducted to assess possible impacts of multiple sources, including the 
disposal facility, on 10ng-tenn compliance with DOE environmental and public radiation 
protection requirements contained in DOE 0 5400.5, Radiation Protectic)J/ a/the Public and the 
Environment. The purpose of the analysis is to facilitate planning and land use decisions that 
help assure that the authorization of the disposal facility will not result in long-tenn compliance 
problems, and should potential problems be identified, to detennine management alternatives 
and con'ective actions or assessment needs. The CA is not a document that is prepared for the 
purpose of demonstrating compliance with DOE's primary dose limit for protection of the 
public. The analysis is a planning tool intended to provide a reasonable expectation that current 
LLW disposal activities will not result in the need for future corrective or remedial actions to 
protect the public and environment. 

This process for TRU waste disposal parallels the process developed for DOE LLW disposal 
facilities and requires that the transuranic waste disposal system be included in a composite 
analysis in addition to complying with the requirements of 40 CFR 191. The composite analysis 
is a DOE requirement, separate from the performance assessment. Its purpose is to assess 
possible impacts from multiple radioactive sources, including the transuranic waste disposal 
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system, on long-term compliance with DOE environmental and public radiation protection 
rcquirements contained in DOE Order 5400.5. The composite analysis is not required for 
detennining compliance with the 40 CFR 191 environmental standards, but it is an expected part 
of the analyses that DOE considers when detennining compliance with DOE 0435.1. 

1.4 Purpose of PA and CA Review 

The goal of the rcview process is to promote complete and comprehensive documents supported 
by appropriate rationale that demonstrate regulatory compliance, reflect the site- and facility
specific conditions, and arc, therefore, defensible. The reviews are perfOlmed to provide 
management with reasonable expectation that the applicable perfonnance objectives and 
measures will be met. The reviews provide the basis for accepting the PA and/or CA, and tor 
issuing DASs in accordance with section 1.7. The DAS represents headquarters approval of the 
PA and/or CA, and includes conditions deemed necessary to provide long-tenn protection of the 
public and environment from the LLW/TRU disposal facility. 

1.5 Purpose of the Disposal Authorization Statement 

Disposal authorization statement is the ultimate document verifying that the required 
assessments have been pertonned and that they support the conclusion that there is a reasonable 
expectation that the LLW/TRU disposal perfonnance objectives, measures, and requirements 
will be satisfied. The disposal authorization statement is functionally a Federal pemlit. It also 
documents limits on dcsign, construction, operations and closure for the subject disposal facility. 
Approval of a DAS is also based on review of five facility-specific documents: (l) the PA; (2) 
the CA; (3) the maintenance plan for the PA and CA; (4) the closure plan; and (5) the monitoring 
plan. 

1.6 Scope of the PA and CA Reviews 

Each PA and/or CA review will be a focused, site-specific review of technical, regulatory, and 
programmatic adequacy. The complex-wide representation of federal staff enhances DOE's 
LLWand TRU line management capabilities by providing a mechanism for transferring lessons 
lcamed from site to site. 

1.7 Radiological Assessment Review Process 

LFRG Review Teams are convened to conduct reviews in a manner conceptually similar to 
DOE's processes for review of Documented Safety Analyses (DSAs) and for conducting 
Operational Readiness Reviews (ORRs). The PA and CA review teams are comprised of federal 
employees who should meet specific qualifications identified in Appendix E for their area of 
expeJ1ise. Teams may be supplemented with qualified consulting contractors as appropriate (i.e., 
to provide technical assistance, or expertise not readily available in DOE) that are approved by 
the LFRG. 

The principal activities and products comprising a PA and CA review are: 

acknowlcdge suitability for review, 
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assemble a radiological PA/CA team, 

• develop a PA/CA review plan, 

review the LLW or TRU disposal facility PA and CA, 

conduct site visits, meetings, and interrogatories, 

compile a PA/CA review report, 

develop a compliance evaluation, and 

conduct and document a lessons learned evaluation. 

Figure I-I shows the major activities comprising the PA and CA review process. The PA and 
CA review process begins with a detennination by the LFRG site representative that the PA or 
CA is complete and suitable for review. If this determination is aftinnative, the LFRG selects a 
PA and/or CA review team leader from a site other than the site submitting the PA/CA. The 
review team leader recommends candidate team members and areas of responsibility for the 
review to the LFRG for oral approval. Following team selection, the review team prepares a 
detailed review plan for conducting the specific PA and/or CA review for LFRG approval. 
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DOE Low-Level Waste PA/CADOE Site Disposal I<'acility Fede"al 
Review Group Review Team 

Site Submits 
PA or CA to DAS 

LFRG Detelmines 
PA/CA is Suitable 

For Review 

lXRG Appoints Leader 
and Approves Members of 

PA/CA Review Team 

LFRG Briefed On and 
Approves Review Plan 

PAICA Review Team 
Develops Review Plan 

PNCA Review Team: 
Site Provides 

LFRG Briefed ~ ... ~ * Arranges/Conducts Site VisitAdditional Analysis .. -> on Review Results •. -> * Conducts Technical ReviewAs Needed 
* Develops Draft Review Report 

LFRG Develops 
Compliance Evaluation 
and Recommendation 

PA/CA Review Team 
Submits Final Review 

Report to LFRG 

Recommendation Action 
Forwarded to DAS 

Figu re 1-1: Major Activities Conducted During PA/CA Review 

The PA/CA review team should conduct the technical review of the PA and/or CA by evaluating 
the PA and/or CA against the criteria in Section 3.1 of this manual t<)r LLW PAs, Section 3.2 for 
TRU PAs, and Section 3.3 for CAs. The review includes a site visit and review of other site 
documentation. if necessary. The review team prepares a review report and recommends to the 
LFRG that the PA and/or CA be accepted, accepted with conditions, or not accepted. 
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The LFRG prepares a compliance evaluation that either accepts or rejects the review team's 
recommendation. Management will consider the LFRG compliance evaluation during the review 
and approval of the DAS, which is prepared by the LFRG. Once a disposal facility is granted a 
DAS, the t~1cility must operate within the DAS or pursue a revision to it. The DAS may/may not 
require a revision during the PA/CA revision cycle. The LFRG will make this determination (to 
revise the DAS or not) during the review and approval process of the disposal site's PA/CA. 

The elapsed time from conducting PA and/or CA reviews, through issuing final PA and/or CA 
review reports could take several months. The duration of the review is atfected by the lines of 
inquiry pursued by the review team. During the course of the review, additional information 
may be requested from the PA or CA preparers to support the assessment and its conclusions. 
The LFRG may continue involvement with other activities associated with preparation of the 
compliance evaluation and the DAS including maintenance updates by the sites, and records 
maintenance. 

2. RADIOLOGICAL ASSESSMENT REVIEW PROCESS 

This chapter describes the administrative process and the basic technical framework under which 
the LFRG administers the initial/revision reviews of radiological assessments (PAs and CAs) and 
formulates conclusions. Key planning steps, basic duties, and responsible individuals are 
idcntitied. The administrative procedures and the basic technical framework will help ensure 
consistency among review teams in conducting and documenting the reviews of radiological 
assessments. 

2.1 Establishing Suitability for Review 

Upon receipt of a radiological assessment, the LFRG site representative evaluates the document 
to determine if it is suitable t()r review. This evaluation determines if sufficient information is 
present for a review team to conduct an effective technical review. To expedite the review 
process, this initial evaluation can take place concurrently with the establishment ofthe review 
team. 

2.2 Establishing a Review Team 

The LFRG begins the establishment of a review team by selecting a review team leader. 
Potential team leaders must be Federal employees and may come from a list of technically 
qualitied DOE personnel maintained by the LFRG or may be a DOE employee nominated by a 
member of the LFRG. In selecting a review team leader, the LFRG considers the document type 
(PA/CA) and magnitude of the revision (major or minor), the site- or facility-specitic conditions 
and characteristics, and the capabilities of the candidates. The review team leader cannot be 
from the site presenting a PA/CA tor LFRG review. The review team leader perfonns a review 
of the radiological assessment and prepares a list of potential candidates tor review team 
members. The review team leader proposes the review team members to the LFRG and any 
contractor technical specialists or consultants that will be needed in the review and they are then 
selected with the concurrence of the LFRG Chair. 
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2.2.1 Team Membership 

Review team members are federal personnel and contractor specialists selected for their technical 
qualifications and their knowledge and experience related to radiological assessment reviews; 
their knowledge of the important technical and regulatory disciplines underpinning the specific 
PA and/or CA to be reviewed; their technical and programmatic review experience; their 
demonstrated technical and managerial leadership skills; and their communication skills. A team 
member cannot be from the site presenting the PA/CA for LFRG review. Appendix E provides 
the review team leader with a list oftechnieal qualification he/she can use in the review team 
member selection process. At least one member of each team shall be a voting LFRG member. 

At least one statT member from the DOE field office with responsibility over the PA and/or CA 
being reviewed is to serve as a liaison to the review team to provide first hand knowledge of the 
site being evaluated. As a liaison, this person provides the necessary contacts to anange site 
visits, provide documents if requested, and answer questions about the radiological assessment. 

Generally, the areas of expertise to be represented on a review team include, but are not limited 
to, hydrology, geology, hydrogeology, health physics, radiological exposure analysis (e.g., 
pathways analysis, conceptual modeling, computer code evaluation, dose effects), chemistry, 
civil engineering (e.g., concrete degradation, evaluations of disposal facility engineering 
features), waste management, DOE directive compliance, Quality Assurance (QA) and waste 
fonn stability. 

2.2.2 Conflicts of Interest 

Sensitivity to potential conflicts of interest must be considered when selecting personnel for 
specific radiological assessment review teams. Persons will not be asked to review their own 
work or work for which the independence of their judgment might be adversely influenced. In 
evaluating potential review team members, the review team leader should consider: 

• whether the person has ever been employed, directly or indirectly (e.g., through subcontract) at 
the site under review. If yes, what is/was the timing and nature of that employment? 

• whether the person is involved in waste management at a facility or site that has a generator
disposer relationship with the site under review. (What are the person' s relevant 
responsibil iti es?) 

• whether the person has been involved in development of any models that are used for 
perfomling PA or CA modeling. If yes, what models and are those models used in the 
radiological assessment under review? 

• whether the person was materially involved in the preparation of any part of the analysis under 
review (e.g., providing data, developing models, pert()nning analyses. writing, reviewing). If 
yes. what was the nature of the person' s involvement? 

Federal employee members of the review teams are reminded that they remain subject to the 
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conflicts of interest statutes and regulations that apply to all DOE employees. Members will be 
requested to sign a "Confidentiality and Conflict of Interest Certification." 

2.3 Review Team Responsibilities
 

The responsibilities of each person supporting a review team are discussed in this section.
 

Team Leader 

The review team leader manages the review team and serves as the primary contact point 
between the LFRG and the site representatives. The review team leader's principal 
responsibilities are to: 

1) Ensure commitment of time and travel funds, as necessary, from the relevant manager or 
from the LFRG Chair to support the review effort. The office employing the review team 
leader is asked to pay for the team leader's time and travel. 

2) Select and familiarize review team staff including identifying and recruiting qualified DOE 
personnel as members and contractors as supplemental technical consultants, as necessary 
to meet the objectives of the review, with the concurrence of the LFRG Chair. 

3) Identify and address any conflict of interest issues for review team members and technical 
consultants. 

4) Manage and provide guidance to the review team staff concerning the overall review 
process and methodology, documentation requirements, draft and final review reports, 
review team meetings, and schedules. 

5) Develop a review plan that describes site visits, review approach, review products, 
necessary documents, and review milestones and schedules. 

6) Coordinate and manage review team discussions, site visits, and meetings. 

7) Coordinate communications among the review team leader, review team members and 
consultants, and the LFRG. Coordinate activities of review team members and consultants 
so the results of the review are integrated. 

8) Serve as the point of contact for information requests regarding review team activities and 
reports. 

9) Inform review team staff of any DOE Headquarters policy and/or program changes and 
other pertinent information that could affect the review process or schedule. 

10)	 Compile the review report. Ensure the report is accurate, objective, and thorough. Ensure 
that sufficient copies of the final review reports are printed and delivered to the LFRG, 
appropriate DOE offices, and others. 
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II)	 Ensure, with assistance from the DOE liaison trom the site under review, that all pertinent 
documentation is placed into the administrative record during the review. Maintain the 
administrative record and any other records and files associated with review team activities, 
and provide them to the LFRG with the review rep011. 

12)	 Ensure, with assistance from the DOE liaison from the site under review, that progress on 
completion of any follow-up commitments (e.g., review of a report required by a condition 
contained in a DAS), LFRG recommendations, or other planned actions are tracked and 
reported to the LFRG until completed. 

If desired, the review team leader may appoint another individual to act as a review team 
coordinator and delegate responsibilities to the coordinator. lf appointed, the coordinator reports 
directly to the review team leader throughout the review. 

Team	 Members 

The review team members' responsibilities are to: 

1) Contirm the review assignments with the review team leader. 

2) Evaluate the radiological assessment against the criteria applicable to his/her assignment and 
the scope of the review contained in Section 3 of this manual. 

3) Provide the results of the radiological assessment review to the review team leader. Ensure 
that the results are accurately reflected in the review report. 

4) Review any tollow-up documentation as requested by the review team leader or the LFRG. 

Team Consultants 

The team consultants may be review team members or may serve as non-member resources and 
their responsibilities are to: 

I) Continn the review assignments with the review team leader. 

2) Evaluate the technical area(s) of the radiological assessment fiJI' technical adequacy consistent 
with his/her assignment and the scope of the review. 

3) Provide the results of the radiological assessment technical area review to the review team 
leader. 

4) Review any t(.)llow-up documentation as requested by the review team leader or the LFRG. 

Interaction H'ith ReglilatOl~V Agencies ond Others 

External regulatory agencies (e.g" federal/state environmental protection agencies), or other 
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interested parties, may express an interest in the review of a radiological assessment for a 
specific DOE site or LLW/TRU disposal facility. Recognizing the Department's commitment to 
open interactions with external entities, the LFRG, the review team leader, and site management 
are responsible for detennining the best means of establishing an effective interface, as 
appropriate. Options for interfacing with external entities include providing progress reports, 
both written and oral, and extending an opportunity to participate with the review team as an 
observer. 

2.4 Review Administrative Process 

The administrative process established to conduct a radiological assessment review will: 
coordinate the activities of the LFRG and a Review Team; facilitate the interactions of the 
Review Team and the site and facility being evaluated; and establish a complete record of the 
review. An example review plan is provided by accessing the LFRG web page. 

PAleA Review Plan 

Prior to the review, the review team prepares a review plan to coordinate the activities of the 
review process. Key elements of the review plan are: 

General review approach; 

Planned specific activities; 

Review schedule and milestones; 

Review team leader, members, and technical specialists identification; 

Administrative record requirements; 

• Supporting data and documents to be reviewed; 

EM QA Program implementation plans: 

Orientation plans for review team members; 

Modifications or additions to the standard review criteria; and 

Plans for health and safety protection of the review team. 

Administrative Record 

The review team leader establishes an administrative record for documenting the review and the 
review's results. All records associated with the review, including the PA, CA, Review Plan, site 
visit interactions and results, con-espondencc, technical documents, meeting minutes, briefing 
packages, review team member qualifications. and conflict of interest avoidance inf<'mnation 
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become part of the administrative record. The administrative record is subject to, and 
administered under, the EM QA Program protocols. If possible, the administrative record should 
contain the originals of all documents. 

The administrative record is assembled and maintained by the review team leader during the 
review and is tumed over to the LFRG when the review repOli is submitted. 

Qualitv Assurance 

Radiological assessment review activities are performed in confon11ance with the requirements 
of the DOE 0414.1 C, Quality Assurance, and 40 CFR 191 as appropriate. 

2.5 Site Visit 

All members and consultants of the review team will usually benefit from a site visit. At a 
minimum, this visit should include an orientation of the site and facility evaluated, and the 
radiological assessment under review, a tour of the site and facility, and meetings with 
knowledgeable site and facility personnel to exchange infonnation about the facility, PA and/or 
CA. 

2.5.1 Pre-Site Visit Activities 

Prior to an initial site visit, the review team pert<mns a preliminary review of the radiological 
assessment. The preliminary review is intended to: I) confinn that the document is complete 
and ready for a comprehensive review; 2) determine if the review team has the collective 
expertise to perform a comprehensive review; and 3) identify infonnation in the radiological 
assessment that requires discussion during the site visit. The findings of this preliminary review 
may be used to detennine whether additional technical expertise and/or information are needed. 

The preliminary review may incl ude a review of past studies, assessments, reports, sampling and 
monitoring data, and other pertinent documents the review team needs to gain an understanding 
of site operations and existing or potential problem areas. A key role of the DOE liaison from 
the site under review is to identify and review federal, state, and local statutes or regulations that 
are relevant to the review, including any site-specific requirements or guidance documents 
relevant to the infonnation in the radiological assessment. 

2.5.2 Site Visit Preparation 

In order to maximize the benefit of site visits, the review team leader and members should be 
thoroughly prepared. Proper preparation should include but not be limited to: 

I) Coordination of Site Activities and Infonnation Needs 

The review tcam leader should contact the appropriate field office and site representatives to 
dctcnnine specific dates and logistics for a site visit. 

After the dates ami logistics f<)r a site visit have been finalized, the review team leader will notify 
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the LFRG Chair. A copy of the review plan should be provided to the LFRG Chair, team 
members, and to the site representative. 

2) Security and Health and Safety Planning 

As part of the preparation for the site visit and tour, the review team leader should coordinate the 
information flow to ensure that security badges are ready for attendees and that any other 
security or clearance matters are handled prior to arrival at the site. The site personnel 
coordinating the visit should provide the necessary papers, documents, and site logistics required 
to accomplish these important steps when arranging a visit. 

Also, as part of preparation for the review site visit, the review team leader needs to ensure that 
necessary health and safety planning is performed. If the review team members are going to be 
walking in or around areas under which the Occupational Safety and Health Act (OSHA) health 
and safety and/or other regulations apply, the review team leader needs to ensure that the 
necessary training or training waivers and other paperwork have been arranged with site 
personnel. 

3) Agenda 

The review team leader, along with the site representative, develops a detailed agenda for the site 
visit. A list of topics to be covered and issues to be considered during the review is developed 
based on the preliminary review of the radiological assessment. The details of the agenda, with 
logistics and appropliate attendees, should be worked with the site and facility contacts, and 
finalized at least five days prior to the visit. The review team leader should ensure that all parties 
attending the meetings receive the agenda in advance of the visit. 

2.5.3 Site Visit Activities 

In order to maximize the benefit of the site visit for all participants, the review team should 
consider accomplishing the following actions: 

I) Meetings 

The site visit provides the opportunity for meetings of the review team in which they can share 
technical infonnation gathered during the visit and to discuss remaining site visit activities. 
Meetings with preparers of the radiological assessment and other cognizant site and facility 
personnel also provide opportunities tor exchange of infonnation relevant to the PA and CA 
review. To the extent possible, the need for these meetings is identified prior to the site visit, 
coordinated appropriately, and scheduled on the agenda. The review team leader should brief the 
site representative and appropriate site management of any findings or items of interest at the end 
of eaeh day. This will allow the site to rcsolve those findings or items of interest, if possible. 
prior to the Review Team' s closeout meeting. 

2) Closeout Briefing 

The review team leader provides a closeout brieting for the site personnel before the revic\v team 
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leaves the site. This briefing provides an opp0l1unity to discuss notable practices, findings, 
observations, and for final questions and answers. Also at this point, any need for further 
documentation, site tours, tcchnical meetings, and infonnation exchanges with tcchnical 
personnel can be idcntified and discussed. 

2.6 PA/CA Technical Reviews 

The principal purpose of the review team's activities is to perfonn detailed technical reviews of 
PAs and/or CAs. Based on the reviews, the LFRG will fonnulate conclusions on whether there 
is compliance with requirements of DOE 0 435.1 or 40 CFR 191, as appropriate. The LFRG 
may make recommendations about operations at the facilities based upon the technical review. 

The detailed technical review of a PA and CA is to: (1) identify whether required inf()mlation is 
present; (2) detennine ifthe infonnation presented is correct and applicable; and (3) detenninc if 
the analysis supports the conclusions. To that end, the PA and CA are reviewed against criteria 
to detennine whether they are adequate and acceptable. 

Section 3 provides the basic framework and technical criteria for the reviews of LLWand TRU 
PAs and CAs. The review team should use the Section 3 criteria as well as other documents 
such as: "Fonnat and Content Guide for U.S. DOE Low-Level Waste Disposal Facility 
Perfonnance Assessment and Composite Analyses"; and Appendix C to 40 CFR 191, "Guidance 
for Implementation of Subpart B" in establishing the review criteria for the site submitting the 
PA/CA for review and approval. Review findings represent broad conclusions reached on the 
PA or CA. Detailed acceptance criteria are included to apply to specifIC topics and discussions 
in the PA and CA in order to support the findings. Minimum infonnation expected in either the 
PA or CA to support the analysis, is provided in the guidance. 

Following the review, the review team members detennine whether the conclusions reached in 
the PA and/or CA are acceptable and supportable. The review team documents its findings in a 
report (discussed in detail in Section 2.8). 

2.7 Additional Technical Information 

Additional questions may arise as the review team is developing conclusions on the PA and/or 
CA. The review team should solicit additional technical infonnation requested in accordance 
with the acceptance criteria presented in Section 3. Additional infonnation requested by the 
review team should be in the fonn of existing data or infomlation. The review team leader 
should solicit the assistance of the DOE fIeld office liaison in obtaining additional inf()lmation 
and analysis. 

The review team sholll~n?tsolicit~dditional PA or CA evaluations (e.g~tacompletePA 
calculation to determine the results of an alterrtative scenario). Ifthi$ typy of additional 
evaluation is requi;edjijt should only be requested by the LFRG aS~fonditionof acceptance of 
the PA or CA.based on the conclusions of the review team on the existing PA and/or CA 
evaluations. 
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Additional infonnation needs, requests, and meetings are to be documented and become part of 
the administrative record. 

2.8 Key and Secondary Issues 

The significant issues identified by a review team are categorized as "key'" issues and 
"secondary" issues. Key issues are those which the team detennines must be resolved for the 
review team to recommend acceptance of the PA or CA under review. The review team should 
identify which review criteria are associated with each key issue and those criteria must be 
reported as not met in the review criterion matrix. If the site can resolve one or more of the key 
issues prior to completion of the review report, the review team should revise the review report 
to rcflect that additional work by the sitc. If thc site does not resolve the key issues prior to 
completion of the review rep01i, the review team may recommend that a conditional disposal 
authorization statement be issued with explicit conditions requiring that the key issues be 
resolved by dates certain. 

Secondary issues are those which the review team determines may be resolved via the nonnal 
PA/CA maintenance program. The review team should identify which review criteria are 
associated with each secondary issue and those criteria must be reported as not met in the review 
criterion matrix. The site may attempt to resolve one or more of the secondary issues prior to 
completion of the review report, and any such progress should be reported in the review report. 
Resolution of any remaining secondary issues can be addressed by a single disposal 
authorization statement condition requiring that a plan and schedule be prepared and 
implemented for addressing the secondary issues. 

The review team may choose also to report observations and identify less important issues that 
provide opportunities for improvement in the PA or CA. These issues and observations may be 
reported in the review matrix for criteria that are designated as met or those designated as not 
met because of key or related issues. The site is not required to act on these observations and 
opportunities for improvement. 

2.9 Review Report 

Following the technical review, the review team prepares a review report. The report 
summarizes the findings, technical adequacy and completeness ofthe radiological assessment, 
the issues identified from the review and their resolution, and any issues that were not resolved. 
Thc review team should include as appendices, supplemental information and/or documentation 
deemed necessary to understanding the review. The review report should include all of the 
infonnation from the review needed to provide the basis f()r the LFRG" s compliance evaluation 
(sce Section 2.9) of the radiological assessment. 

The following guidance is provided in two parts. First, guidance is provided on the PA review 
report. Separate guidance is provided on the CA review report. If a review team has the 
opp01iunity to simultaneously review the PA and CA for a LLW or TRU disposal facility, then 
the two parts of the guidance could be combined to create one review report. 
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2.9.1 PA Review Report Outline 

A suggested PA review report outline is as follows: 

Fxecutive Summcuy 
1.0 Introduction 
2.0 Summmy (?lSite and Facility J)escription 
3.0 Summmy ofPA Review 
-1.0 Technical Adequacy (~l FA 
5.0 Consistency C?l PA 
6.0 llnresolved Issues 
7. 0 Recommendation (~l Review Team 
8.0 Appendices 

A. Review Team Memhers and Consultants and lheir {jual{jications 
B. Review Plan 
C. ChronoloJ:,ryJ (?l RevieH' 
D. Comments from Review Team Memhers 
E. List ~llmportant Communications hetween Site and RevieH' Team
 
F Ust (?l Supportinx /)ocumentation Utilized /)urinx the Review
 
G. Review Criteria Matrix 

The following sections address these suggested elements of a PA review report. 

2.9.2 PA Review Report Development 

The conclusions of the PA review with respect to the criteria presented in Section 3 are to be 
addressed in a review report. This guidance is not intended to provide a comprehensive 
discussion applicable to all PAs. Instead, the review team should customize their report under 
the headings suggested in the outline and provide a concise reflection of the PA review 
conducted. The review report should include references to the PA and any related 
documentation. The conclusion of the review report should include a recommendation that the 
PA be accepted, accepted with conditions, or not accepted. Once submitted to the LFRG in final, 
no changes should be made to the review report. 

1.0 Introduction 

This section provides a brief introduction on the purpose of the report, and includes a citation of 
the PA being reviewed and the guidance used to conduct the review. There should also be a 
concise statement of the review process and review team findings, as well as an overview of the 
report contents. 

2.0 Summary (if Site and Facility Description 

This section provides a concise description of the LLW disposal facility addressed in the PA, 
including the surrounding site. The material in this section can be extracted from the PA and 
presented as background to review report readers unfamiliar with the site and disposal facility. 
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3.0	 SummalY ofPA Review 

This section provides an overview of the PA review. Any documentation from the site that was 
prepared in response to requests from the review team should be briefly discussed. Issues 
identified during the course of the review and the resolution of those issues should be discussed 
in this section. 

The conclusions of the review are presented in this section. References to any appendices for 
extended discussions contained in the minutes of the meetings of the review team are 
appropriate. References to appendices that identifY the members and consultants on the review 
team, and the chronology of the review is also appropriate. 

I 4.0 Technical Adequacy ofPA 

This section provides discussion of the following aspects of the PA: 

•	 A summary of the method of analysis and the calculated results. 

•	 The review determination is the assessment is complete, thorough and technically
 
supported and that conclusions are valid and acceptable.
 

•	 Major issues relating to the technical adequacy of the PA (and assurance requirements for 
TRU disposal); and 

•	 The basis for concluding the PAis technically adequate and that there is a reasonable
 
expectation that performance objectives and measures ofDOE M 435.1-1140 CFR 191
 
will be met.
 

5.0	 ConsistencyojPA 

This section documents the consistency of the PA and any additional material developed in the 
review with the Format and Content Guide for u.s. Department ofEnergy Low-Level Waste 
Disposal Facility Performance Assessments and Composite Analyses or other documents. 
Discussion of how the guidance was interpreted for the PA, and a judgment on the consistency of 
approach taken with respect to: the PA guidance; existing laws; regulations (40 CFR 191); DOE 
directives; DOE policy; and any applicable agreements with regulatory agencies or affected 
states. Conflicts with other competing regulatory matters should be identified and the approach 
taken in the PAin addressing these conflicts identified. The significance of any inconsistencies 
with respect to the acceptance of the PA should be discussed. 
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6.0 Unresolved Issues 

This section identifies any issues which were not satisfactorily or completely resolved during the 
PA review. Most issues can be expected to be resolved in the course of the review through 
requests for additional information or during discussions between the review team and the DOE 
site. Some issues may remain unresolved for lack of sufficient data or knowledge, or due to 
competing policies or regulatory directives. Some review team members may enter dissenting 
opinions on parts of the review, and these should be discussed in this section. The significance of 
unresolved issues on the recommendation to the LFRG should be identified and discussed. 

Because many unresolved issues may pertain to uncertainties involved in decision-making, 
assumptions made, and difficulty in agreeing or disagreeing with findings based on calculations 
far into the future; the PA maintenance program required by DOE M 435.1-1 can be used as an 
effective method for resolving these issues. Identification of studies to reduce uncertainty, 
analysis to justifY assumptions, and collection of data over time are examples of conditions that 
should be considered for inclusion in the recommendation specifically as part of the facility's PA 
maintenance program. Recommendations for conditions on the PA maintenance program may 
allow the facility to continue operating while the uncertainties are studied. 

7.0 Recommendation ofReview Team 

The review team must recommend that the PA be accepted, accepted with conditions, or not
 
accepted. The basis for the recommendation should be provided, including references to the
 
relevant material in the review report.
 

If the review team recommends the PA be accepted, this signifies that all issues concerning the 
results of the PA and any relationship to Waste Acceptance Criteria (WAC), disposal facility 
operations, the PA maintenance program, and any other elements ofthe management of 
LLWITRU were resolved. This also means that documentation in the administrative record is 
complete and the Review Team could identifY no additional conditions that need to be placed in 
the DAS beyond those that have already been addressed in the section of the PA and resolved. 

If the review team recommends the PA be accepted with conditions, then the review team has 
identified some issues that could not be resolved to their full satisfaction, or has identified 
operational constraints, further analysis, monitoring, or reporting that should be identified as 
conditions in the DAS. Conditions on the acceptance of the PA should be explicitly stated, with 
reference to the justifications for the conditions clearly identified in the materials reviewed and 
placed in the administrative record. 

If the team recommends the PA not be accepted, then the review team has identified major issues 
which could not be resolved through the development and implementation of any conditions on 
the facility operations, waste acceptance, monitoring, or reporting. This condition would require 
additional rounds of review, therefore, the review report should clearly layout the issues that 
cannot be resolved, the reasons they cannot be resolved, and any comments that provide 

I assistance to the PA developers and the site/facility that would allow for a finding ofacceptance. 
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Appendices 

r	Appendices should be used to reduce the review report's length and provide references to 
important information used in the PA review. 

Appendix A should include a list of the review team members and any consultants and their
 
qualifications.
 

Appendix B should be the review plan used for the PA review. 

Appendix C should include a chronology of the PA review that lists all communications,
 
meetings, and other events which occurred as part of the review.
 

Appendix D should contain review team member comments or dissenting opinions which need 
to be reflected in the review report. 

Appendix E should include all written communications (e.g. the site's self assessment versus the 
review criteria, between the DOE site and the review team that are considered germane to the 
conclusions of the review. 

Appendix F should list any supporting documentation provided by the site for the PA review or 
used by the review team in making the conclusions of the review. 

Appendix G review criteria matrix with review team comments. 

This documentation should include any material developed in response to questions posed by the 
review team. Additional appendices may be added to the review report as appropriate. 

2.9.3 CA Review Report Outline 

A suggested CA review report outline follows: 

l;;Xecutive Summmy 
J.O Introduction 
2.0 Summmy (~f Facility Description and Interacting Sources 
3.0 Summarv oj' ('A Re vieH'- . 
-1.0 technical Adequacy ofCA 
5.0 Consistency (~f CA 
6.0 [lnresolved Issues 
7.0 Recommendation (d' Review Team 
8.0 Appendices 

A. Review Team Memhers and (}ualdications 
B. Review Plan 
C. ('hronology (~j' Review 
D. Comments li'om Review Team Memhers 
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Ie'. /)st (?lImportant ('ommunications Between Site and Review Team 
j,: List C?l Supporting Documentation (Itilized During the Review 
G. Review ('riteria Matrix 

These suggested elements of a CA Review Report are described below. 

2.9.4 CA Review Report Development 

The results of the CA review using the guidance presented in Section 3 are to be addressed in a 
review report. This guidance is not intended to provide a comprehensive discussion for a review 
report applicable to all CAs. Instead, the review report should be a concise reflection of the CA 
review with the guidance provided in Section 3. The review report should include references to 
the CA, PA, and any related documentation. The conclusion of the review report should include 
the recommendation that the CA be accepted, accepted with conditions, or not accepted. Once 
submitted to the LFRG, no changes should be made to the final Review Report 

-----------------------------------, 

1.0 Introduction 

This section provides a brief introduction on the purpose of the report, and includes a citation of 
the CA being reviewed and the guidance used to conduct the review, If the associated PAis a 
separate document, the PA citation should be included. There should also be a concise statement 
of the review process and review team findings, as well as an overview of the report contents. 

2.0 Summary ofFacility Description and Interacting Source Terms 

This section provides sufficient background to readers of the review report who are unfamiliar 
with the disposal facility and potential contributing sources. This section provides a concise 
description of the overall geographic area addressed in the CA, of the LLW disposal facility and 
all potential sources that could interact with the disposal facility. This section should also 
identify those potential sources which were not considered in the CA and a concise explanation 
why they were excluded. The material in this section could be extracted from the CA, and may 
include material abstracted from the PA. 

,-------------------------------------_._-

3.0 Summary ofCA Review 

This section provides an overview of the CA review. References to appendices that identify the 
members of the review team and consultants to the review team and the chronology of the review 
are appropriate. Documentation from the site that was prepared in response to requests for 
additional information by the review team should be discussed briefly, with references to the 
documentation itself. Issues identified during the course of the review and the resolutions should 
be documented in this section. Any appendices containing minutes or summaries of extended 
discussions of the review team can be referenced. The conclusions of the review should also be 
presented in this section. 
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---_._--------_._-----_._----------------_.._-_._-------
4.0 Technical Adequacy ofthe CA 

This section provides discussion of the following aspects of the CA: 

•	 Summary of the method of analysis and the calculated results; 
•	 Summary ofoptions analyses, if required; 
•	 Findings on CA completeness, thoroughness, technical supportability and quality of the 

conclusions of the CA; 
•	 Major technical issues relating to the technical adequacy of the CA; and 
•	 The basis for concluding that the CA is technically adequate and provides reasonable 

conclusions relative to the performance measures for environmental and public radiation 
protection in DOE 0 5400.5. 

5.0 Consistency ofCA 

This section documents the consistency of the CA with the Format and Content Guide for U.S. 
Department ofEnergy Low-Level Waste Disposal Facility Performance Assessments and 
Composite Analyses. There should be a discussion of how the guidance was interpreted for the 
CA, and a judgment on the consistency of approach with respect to the guidance. In the 
judgment ofconsistency, consideration of the interpretations made for existing laws, regulations, 
other DOE directives, DOE policy, and applicable agreements with regulatory agencies or 
affected states should be included. Conflicts with other competing regulatory matters and the 
approaches taken in the CA in addressing these conflicts, should be identified. The significance 
of any inconsistencies with respect to the acceptance of the CA should also be discussed. 

6.0 Unresolved ls'sues 

This section identifies any issues which were not satisfactorily or completely resolved in the CA 
review. The review of the CA is likely to identifY issues to be addressed. Most of these issues 
were expected to be resolved in the course of the review by requests for additional information or 
discussions between the review team and the DOE site. Some issues, however, remain 
unresolved for lack of data or knowledge, or because of competing policies or regulatory 
directives. Some review team members may enter dissenting opinions on parts of the review. If 
so, these should be discussed in this section. Moreover, the significance of these unresolved 
issues on the review team's recommendation to the LFRG should be identified and discussed. 

Because many unresolved issues may pertain to the uncertainties involved in the decision
making, the assumptions made, and the difficulty in agreeing or disagreeing with findings based 
on calculations far into the future, the CA maintenance program required by DOE M 435.1-1 can 
be used as an effective method for resolving these issues. The identification of studies to reduce 
uncertainty, analysis to justifY assumptions, and the collection of data over time are all examples 
of conditions that should be considered for inclusion in the recommendation specifically as part 
of the facility's CA maintenance program. Recommendations for conditions on the CA 
maintenance program may allow the facility to continue to operate while the uncertainties are 
being studied. 
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-------_._--------- 

7.0 Recommendation ofthe Review Team 

The review team must recommend that the CA be accepted, accepted with conditions, or not 
accepted. The basis for the recommendation should be provided, including references to the 
relevant material in the review report. 

If the review team recommends the CA be accepted, this means that all issues concerning the 
results of the CA are resolved. The documentation in the administrative record is complete and 
that a DAS should be issued. 

If the review team recommends the CA be accepted with conditions, then the review team has 
identified issues that could not be resolved to their full satisfaction, but has identified further 
analysis, monitoring, or reporting that should be implemented in the corrective actions identified 
in the options analysis included in the CA and as conditions in the DAS. Conditions on the 
acceptance of the CA should be explicitly stated, with reference to the justifications for the 
conditions clearly identified in the materials reviewed and placed in the administrative record. 

If the review team recommends the CA not be accepted, then the review team has identified 
major issues which could not be resolved through the development and implementation of any 
conditions on the operations, waste acceptance, monitoring, or reporting by the facility. It is 
expected that a "non-acceptance" would require additional rounds ofreview, therefore, the 
review report needs to clearly layout the issues that cannot be resolved, the reasons they cannot 
be resolved, and comments that would provide assistance to the CA developers and the 
site/facility in providing the analysis or data that would allow for a finding of acceptance. 

Appendices 

Appendices should be used to reduce the review report's length and provide references to
 
important information used in the CA review.
 

Appendix A lists the review team members, consultants and their qualifications.
 

Appendix B contains the review plan used for the CA review.
 

Appendix C includes a chronology of the CA review a list of all communications, meetings, and
 
other events which occurred as part of the CA review.
 

Appendix D provides review team member comments and/or dissenting opinions that need to be
 
reflected in the review report.
 

Appendix E lists written site/review team communications germane to the report conclusions.
 

Appendix F lists supporting documentation provided by the site for the review or used by the
 
team. Material developed in response to questions from the review team should be included. 

I Appendix G review criteria matrix with review team comments. 

LAdditional appendices may be added to the review report as appropriate. 
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2.9.5 Review Report Approval 

The review team should review the draft report for adequacy and accuracy. The draft review 
report should be provided to the affectcd DOE field office management for a factual accuracy 
review. Site comments should be reviewed by the review team and incorporated in the final 
review report as appropriate. The final review report, together with a summary of the site review 
comments and the review team's response to those comments should be submitted to the LFRG 
for review and approval. 

2.10 Disposal Facility Compliance Evaluation 

Upon completion of the review reports, the LFRG begins its deliberations on the PA and CA and 
whether to recommend approval by the cognizant Deputy Assistant Secretary. During these 
deliberations, the LFRG considers: the review report and the recommendations of the review 
team concerning the PA and/or CA; unresolved issues identified in the review report; issues 
which may have been identified after the report was submitted; and any additional infonnation 
that may have been provided to the LFRG for consideration. If the LFRG concludes that the 
document is acceptable, the LFRG will prepare a compliance evaluation for the PA and/or CA. 

If the PA and CA are submitted simultaneously, the LFRG can complete the review process and 
immediately follow-up with the development and submission of the DAS, if necessary. This 
effort would require the development of the compliance evaluation, pertinent supporting 
documentation and a draft DAS prior to fonnal submission to the cognizant Deputy Assistant 
Secretary. 

If the PA and CA are not submitted at the same time, and the PA review is completed without the 
CA, then the following steps in development of a compliance evaluation and DAS should be 
modified appropriately. A suggested approach for the LFRG to consider if the PA and CA are 
submitted separately is in Section 4.4.2. 

2.10.] Issues Resolution 

During the development of the review repmi. issues which were unresolved may become 
conditions for facility operation. The LFRG may decide that some or all of the issues should be 
resolved, or the recommendations ofthc review team modified, prior to the development ofa 
compliance evaluation and/or DAS. If this is the action taken by the LFRG, the LFRG should 
not make any changes to the review repOli. Instead, the resolution or modification of 
conclusions concerning these issues should be thoroughly documented with issues papers, 
analyses, briefing minutes. and meeting minutes, and added to the administrative record for the 
PA/CA review. Resolution or modifications to these issues should be discussed in the 
compliance evaluation transmitted to the cognizant Deputy Assistant Secretary. 

The LFRG should consider meeting with the Review Team members and site/facility personnel 
involved in the developmcnt of the PA and/or CA to assist in the resolution of unresolved issues 
that are identified in the Review Report. 
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2.10.2 LFRG Review of a PA Review Report 

The LFRG thoroughly reviews the PA Review Report; assimilates the necessary information 
from the appendices and the administrative record; considers the PA, additional information, or 
issues discussed after the submittal of the review report, and addresses the following subjects: 

I) DOE 0 435.l/40CFR 191 Compliance 

The LFRG detennines if the PA, as reviewed by the review team and discussed in the review 
report, provides a reasonable expectation that the requirements of DOE 0435.1/40 CFR 191 are 
met for the LLW/TRU disposal facility evaluated in the PA. The criterion for reasonable 
expectation is a "weight of evidence" detennination that is based on the material included in the 
PA supplemental documentation, and the review report. 

2) Conditions of Acceptance 

The recommendation of the review team that the PA be accepted, accepted with conditions. or 
not accepted should be reviewed and discussed in consideration of any unresolved issues in the 
review report. The LFRG evaluates conditions identified by the review team. Each condition of 
acceptance identified by the review team should be justified in the review report. The LFRG 
should settle unresolved issues identified in the review report and document the resolutions. 
Should these resolutions lead to modifications of the conditions for acceptance identified by the 
review team, changes to the conditions for acceptance should be made and documented. The use 
of the PA maintenance program to reduce uncertainties should be examined carefully to ensure 
that the goals of those conditions, as proposed by the review team, are both useful and 
reasonable. 

New issues identified following the PA review should be discussed. Conditions for acceptance 
of the PA should be developed, and the basis for the new conditions should be documented. The 
final conditions for acceptance of the PA should be agreed upon by the LFRG. These final 
conditions and the justification of these conditions by the review report or other infonnation 
should be documented as part of the decision of the LFRG. 

3) Acceptance of the PA 

In addition to the PA, the basis for its acceptance should include: 

The review report and its presentation to the LFRG; 

The administrative record; 

Evaluations by thc LFRG; and 

Conditions imposed on acceptance of the PA. 

The LFRG should review this material and conclude whether the PA should be accepted and 
recommended for approval. Acceptance of the PA and associated documentation means the 
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LLWITRU disposal facility can be expected to operate under specified conditions with a 
reasonable expectation that the requirements of DOE 0 435.1/40 CFR 191 will be met. 
[Approval of the PA and associated documentation also means the LLWITRU disposal facility 
should be issued a DAS or the existing DAS be revised (if appropriate for a PA/CA revision), 
provided that a recommendation for approval is also made following the review of the CA (See 
Section 2.9.6)]. 

2.10.3 PA Compliance Evaluation Development 

The findings of the LFRG should be documented in a compliance evaluation to be submitted to 
the cognizant Deputy Assistant Secretary for approval. lf the LFRG does not recommend 
approval of the PA, then the recommended steps to be taken by the DOE site to gain acceptance 
and approval should be documented and submitted to the cognizant Dcputy Assistant Secretary 
for transmittal to the field office manager. 

Ifthe LFRG recommends approval of the PA, a compliance evaluation documenting its approval 
should be prepared by the LFRG and submitted to the cognizant Deputy Assistant Secretary. 

Essential elements of the compliance evaluation include: 

a summary of the findings on the subjects described in Section 2.9.2; 

conditions on the PA maintenance program; 

conditions on disposal operations; 

conditions on waste acceptance and receipt; 

conditions on monitoring; 

conditions on recordkeeping; and 

other pe11inent infonnation needed to maintain reasonable expectation that the 
perfonnance objectives of DOE 0 and M 435.1/40 CFR 191 will be met. 

The compliance evaluation should include a DAS with the proposed conditions for thc facility to 
meet ifthc DAS is approved with conditions. 

2.10.4 LFRG Review of a CA Review Report 

The LFRG thoroughly reviews the CA review report; assimilates the necessary information from 
the appendices and the administrative record; considers the CA, including issues discussed atter 
the submittal of the review report; and addresses the following subjects: 

1) Conclusions Concerning Perfonnanee Measures
 

The LFRG will make two detenninations about the CA based on the review report conclusions.
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First, the LFRG will detennine whether the CA provides a reasonable expectation that disposal 
facility operation is unlikely to result in long-tenn compliance problems. Second, the LFRG will 
detennine whether the CA provides for appropriate management alternatives and corrective 
actions in the event that potential problems are identified. "Appropriate management 
alternatives and corrective actions" must yield a reasonable expectation that current LLW 
activities will not result in the need for future corrective or remedial actions. 

Corrective actions are to be identified for LLW disposal facilities and other contributing sources 
which exceed the constraining perfonnance measure. The corrective actions must provide a 
reasonable expectation that the constraining perfonnance measure will not be exceeded in the 
future. The corrective actions should provide a reasonable first line of defense. Examples of 
corrective actions that should be proposed are: 

refining the analysis to reduce conservatism; 

limiting receipt of certain wastes until further infonnation is collected; 

evaluating remedial measures on interacting source tenns; and 

evaluating alternative land use plans. 

Additional discussion of CA corrective actions can be found in the Fornlat and Content Guide 
for U.S. Department of Energy Low-Level Waste Disposal Facility Perfornlance Assessments 
and Composite Analyses. 

The LFRG detennination is based on the material presented in the CA, review report, and 
supplemental information developed for the review. The recommendation on acceptance of the 
CA should be supported by the review report and conditions placed on such a recommendation. 

2) Conditions of Acceptance 

The review team may recommend that the CA, be accepted, accepted with conditions, or not 
accepted. Review and discussion of the recommendation should consider unresolved issues in 
the review report and any other issues or information identified following the CA review. The 
LFRG will either concur with any conditions recommended by the review team or modify the 
recommendations based on other issues or infonnation. If the LFRG elects to modify the 
recommendations of the review team, the justification for any modifications should be 
documented. The LFRG is to settle any unresolved issues identified in the review report and 
document the resolutions. If these resolutions lead to modifications of the conditions for 
acceptance identified by the review team. changes to the conditions for acceptance must be made 
and documented. New issues not identified by the review report that were identified following 
the CA review are to be discussed. Any conditions needed to address the issues for acceptance 
of the CA must be developed and the basis for the new conditions documented. 

The final conditions for acceptance of the CA are to be agreed upon by the LFRG. Thcsc final 
conditions and the justification of these conditions by the review report or other information 
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must be documented as part of the decision of the LFRG. 

3) Acceptance of the CA 

The CA, review report, administrative record, evaluations by the LFRG, and any conditions for 
acceptance of the CA fonn the basis for accepting the CA. The LFRG should review this 
material and conclude whether the CA should be accepted and recommended for approval. 
Acceptance of the CA means the LLW disposal facility can be expected to operate under the 
specified conditions without the constraining dose limits being exceeded. ]fthe CA (and the 
corresponding PA) is approved, a DAS may be issued for the facility (See Section 2.9.6). 

2.10.5 CA Compliance Evaluation Development 

The findings of the LFRG are documented in a compliance evaluation to be submitted to the 
cognizant Deputy Assistant Secretary for approval. In some cases, the LFRG may not accept the 
CA and not recommend approval of the CA. ]fso, the recommended steps to be taken by the 
DOE site to gain acceptance and approval should be documented and submitted to the cognizant 
Deputy Assistant Secretary for transmittal to the field office manager. 

If the LFRG accepts the CA and recommends its approval by DOE, a Compliance Evaluation 
documenting approval of the CA will be prepared by the LFRG and submitted to the cognizant 
Deputy Assistant Secretary. 

Essential elements of the compliance evaluation include: 

a summary of the findings on the subjects described in Section 2.9.4; 

conditions for acceptance of the CA; and 

other pel1inent information needed to assure appropriate planning for continued 
protection of the public from radioactive material disposed in the facility. 

The compliance evaluation may include a new or revised DAS with appropriate proposed 
conditions for approval by the cognizant Deputy Assistant Secretary. 

2.10.6 Development of Disposal Authorization Statement 

The LFRG develops or revises a draft DAS that authorizes the operation (or continued operation) 
of the LLW/TRU disposal facility evaluated in the PA and CA. The statement is based on the 
results of the PA and CA reviews as documented in the compliance evaluations, and specifies the 
conditions under which the LFRG would pennit the operation to continue. The assistance of the 
review team leader should be solicited if necessary for developing the DAS. 

References to the PA, CA, and other procedures and facility-specific documents should bc 
included to ensure operational controls are clearly identified. Deadlines for submittal of 
infonnation or data, and specific measures of performance should be identified for clarity. 
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Section 4 provides additional guidance on preparation of DAS. 

2.10.7 Compliance Evaluation/Disposal Authorization Statement Approval 

The compliance evaluations and DAS (original or revised) undergo a thorough internal (LFRG) 
review for adequacy and accuracy, both during preparation and prior to final transmittal. The 
LFRG completes the final compliance evaluations and draft DAS, and transmits them to the 
cognizant Deputy Assistant Secretary for final approval and signature. The LFRG also transmits 
any documentation such as the Review Report and documentation of resolution of issues that 
will assist the Deputy Assistance Secretary's understanding of the compliance evaluations and 
DAS. The cognizant Deputy Assistant Secretary should then take the appropriate action on the 
approval package in accordance with his management responsibilities. Failure to satisfy 
conditions on acceptance of the PA could lead to rejection or withdrawal of the DAS for the 
subject facility and/or shut down of the facility. 

Additional details on approval of compliance evaluations and DAS are presented in Section 4. 

2.11 Review Closeout 

2.11.1 Review Feedback 

The LFRG PA and CA review for a site includes an opportunity for evaluation and feedback by 
review team members, the staff responsible for the site/facility being reviewed, the LFRG, and 
other DOE organizations (e.g., EM; Office of Health, Safety, and Security (H S); field oftices) 
involved with or affected by the review. If requested by the site/facility being reviewed, a 
meeting between the LFRG, review team members, and site personnel should be convened to 
provide for an understanding of the results of the review and the conditions recommended in the 
DAS. 

2.11.2 Final Administrative Record 

During the PA and/or CA review process, the Review Team Leader assembles the administrative 
record. Following approval of the DAS, ifrequired, by the cognizant Deputy Assistant 
Secretary, the statement should be placed in the administrative record, and the review considered 
closed. 

The administrative records for all PA and CA reviews will be stored and maintained in a central 
location. The LFRG Chair will identify the location for the headqum1ers files and the affected 
sites will be responsible for maintaining appropriate original records not held by headquarters 
and copies of originals relevant to thcir facility/facilities that are held by headquarters. 

If the LFRG decides to take additional actions with respect to the disposal facility. then 
documentation of these actions will be placed into the same administrative record. When 
another substantive review of a PA and/or CA for the same disposal facility is conducted. flJr 
example. during a PA maintenance cycle, then the LFRG should use the same administrative 
record. The administrative record then becomes a comprehensive record of disposal 
authorization decisions through all or remaining operations at the facility. similar to a docket file 
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for a facility licensed by the Nuclear Regulatory Commission (NRC). 

2.11.3 Conditions Tracking 

The LFRG is responsible for ensuring that completion of actions or adherence with conditions 
specified in the Disposal Authorization Statement are tracked and a status provided to the 
cognizant Deputy Assistant Secretary, if requested. Completion of other commitments or actions 
of the site and/or LFRG related to the PA/CA review, but not specified in the Disposal 
Authorization Statement (e.g., commitment to update LFRG guidance), should also be tracked by 
the LFRG. 

3. TECHNICAL REVIEW CRITERIA 

The framework and technical review criteria for review teams to evaluate LLW disposal facility 
PAs (Section 3.1), TRU disposal facility PAs (Section 3.2), and disposal facility CAs (Section 
3.3) are contained in this section. 

PAs and CAs are technical studies that are prepared with considerable engineering and 
professional judgment. As a result, they contain arguments and discussions that otten lead to 
results or conclusions that are uncertain. The review team must include these perspectives when 
reaching conclusions on the review of PAs and CAs. A key objective of the technical review of 
a PA or CA is to verify incorporation of and appropriate support for: 

relevant and important technical discussions; 

analyses and methodologies; and 

supporting data and inf(mnation. 

It is also important that this material include articulation of nuances of technical and engineering 
judgment. 

The f()l1owing sections include technical review criteria for PAs and CAs. In many cases, the 
criteria are fol1owed by sub-criteria that describe the minimum information expected or other 
guidance on how each of the criteria can be measured. These criteria are to be used as guidance 
in the reviews of the PAs and CAs by the review team and for preparing the review reports 
discussed in Section 2.8. 

The technical criteria presented in this Section have been f(mnulated through prior PA/CA 
reviews. They provide benchmarks to be addressed in the review of PAs and CAs and provide 
direction to ensure the review satisfies its objectives. In the conduct of a specific review, 
modifications to these criteria or additional criteria may be required flJr determining the 
acceptability of site-specific inf()rmation. Review teams must document the changes and 
additions to these criteria in the review report tor specific PA/CA reviews. It" s important that 
review teams have access to previous review reports on the site if they are available. It is also 
important t()r review team members to have access to review reports trom other sites trom a 
"Lessons Learned" perspective. These review reports are available at the LFRG Homepage. 
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3.1	 LLW Disposal Facility PA Review Criteria 

The review team must make the following fundamental conclusions if a PAis to be accepted: 

The PAis complete. 

The PA is thorough and technically supported. 

The PA conclusions are valid and acceptable. 

Each of these conclusions can be made using the criteria presented in the following subsections. 
The criteria are intended to provide guidance and should be addressed in the review 
commensurate with the importance of each criterion to the perfonnance of the site and disposal 
t~lcility, and to the results and conclusions of a PA for evaluating LLW disposal pursuant to DOE 
0435.1. The criteria provide a thorough listing of topics to be addressed in the course of the 
review and present the basis for any requests for additional infonnation concerning a disposal 
facility or the PA. In addition to the review criteria, review teams should consider using the 
"Fonnat and Content Guide for U.S DOE LLW Disposal Facility PAs and CAs". 

The review criteria are separated into topical areas that correspond to areas of expertise that are 
needed to adequately review a PA/CA. These areas can be modified as required for a pm1icular 
PA review circumstance. 

3.1.1.	 Facility/Site Characteristics 

3.1.1.1	 PA presents infonnation on the site geography, land use plans, meteorology, ecology, 
geology, seismology, volcanology, surface water and groundwatcr hydrology, 
geochemistry, geologic resources, and water resources sufficient to support the design of 
the facility. 

3.1.1.2 PA presents infonnation on the facility design features the waste disposal configuration 
operational and protection (e.g., flood protection, inadvertent intrusion barrier) features 
for the facility that affect long-tenn stability and design/engineering features of the 

operational and closure covers at a level sufficient to support the analysis presented in the 
PA. 

3.1.1.3 PA identi fies Federal, state, and local statutcs or regulations or agreements that impact 
site engineering, facility design, facility operations, and the relationship and/or impact of 
the results of the PA on site engineering, facility design, or facility operations because of 
these factors. 

3.1.1.4 PA identifies proccdurcs and facility related documentation that may impact site 
engineering, facility design, or facility operations and the relationship and/or impact of 
the results of the PA on the documents and site engineering, facility design, or facility 
operations. 
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3.] .1.5 PA identifies and justifies key assumptions included in the analysis that are used to model 
and evaluate the perfonnance of the disposal facility. The assumptions of the PA related 
to the waste, site, and facility design and operations which are critical to the conclusions 
of the performance assessment are supported. 

3.1.1.6 PA includes any necessary limitations on facility design or operations that are required to 
meet the performance objectives. The conclusions of the PA are applied to the facility 
design and operations. The resulting design constraints and limitations on operations can 
be reasonably accomplished at the disposal facility. 

3.1.2	 Radioactive Sources/Release Mechanism 

3.1.2.]	 The PA presents an estimate of the radionuclide inventory in the waste disposed and 
forecasted to be disposed at the facility which is quantified and technically supported by 
records, data, studies and evaluations. The PA should include a thorough analysis of 
waste disposal records with sufficient documentation to ensure that all ofthe 
radionuclides disposed and anticipated to be present in forecast wastes are evaluated. 
Radionuclides screened from the PA or having no inventory limit should be clearly 
identified, and the bases for screening and exclusion should be fully documented and 
defensible (for example, NCRP screening criteria). The technical bases for estimates of 
the radionuclide concentrations for past and future waste disposal should be described 
and documented. 

3.1.2.2 The physical and chemical characteristics of the disposed waste that affect the release 
should be described including presence or absence and degradation of containers, the 
characteristics of the waste tonn, waste treatments that affect contaminant release, and 
potential interactions of chemical or hazardous constituents. The expected effects of 
waste tann and container degradation should be included. The assessments of the 
physical and chemical characteristics of the waste fonn should be documented, and 
supported by laboratory or field studies. Any assumptions concerning release 
mechanisms should be specified. 

3.1.3	 Performance Objectives/Measures 

3.1.3.1 PA identifies the perfonnance measures used in the PA; justifies those perfonmmce 
measures as site-specific applications of the perfonnance objectives and requirements; 
and presents valid conclusions that the PA meets the perfonnance objectives of DOE 0 
435.1 identified below: 

3.1.3.2 The all pathways pertannance objective of 25 mrem/year effective dose equivalent is met 
over the performance period of 1000 years after closure for all radionuclides disposed of 
in the disposal facility. 

3.1.3.3 The air pathways perfonnance objective of 10 mrem/year effective dose equivalent is met 
over the perfonnance period of 1000 years after closure for post-September 1988 
radionuclides disposed of in the disposal facility. 
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3.1.3.4 The radon performance objective of an average flux of 20 pCi/m2/sec at the disposal 
surface or 0.5 pCi/L in air at the point of compliance is met over the performance period 
of 1,000 years after closure for all radionuclides disposed of in the disposal facility. 

3.1.3.5 The groundwater resource performance measures for all radionuclides to be disposed of 
in the disposal facility are met over the performance period of 1,000 years after closure at 
the prescribed point of compliance. Impacts to the water resource protection should be 
assessed using the following hierarchical approach: 

•	 First, the disposal site must comply with any applicable State or local law, regulation, or 
other legally applicable requirement. 

Second, the disposal site should comply with any formal agreement applicable to water 
resource protection that is made with appropriate State or local officials. 

•	 Third, ifneither of the above conditions applies, the site should select assumptions for 
use in the PA based on criteria established in the site groundwater protection 
management program and any formal land-use plans. 

•	 If none of the above applies, the site may select assumptions for use in the PA for the 
protection of water resources that are consistent with the use of water as a drinking water 
source. 

In terms of protecting the groundwater as a resource, assuming some volume averaging based on 
projected use may be appropriate. Applying the performance measure at an assumed wellhead 
mixed with a reasonable volume of groundwater based on site-specific assumptions regarding 
groundwater use is appropriate, provided the assumption of mixing is consistent with State or 
local laws, regulations, or agreements. The point of compliance for groundwater protection may 
consider institutional controls. 

3.1.3.6 The inadvertent intruder performance measures of 100 mrem/year effective dose 
equivalent for chronic exposure and 500 mrem effective dose equivalent for acute 
exposure (regional social customs and well drilling, excavation, and construction 
practices should be considered) are met within the disposal facility over the performance 
period after the end of active institutional controls. 

3.1.3.7 The PA shall include a determination that projected releases ofradionuclides to the 
environment shall be maintained as low as reasonably achievable (ALARA). The goal of 
the ALARA process is attainment of the lowest practical release level after taking into 
account social, technical, economic, and public policy considerations. 

3.1.4	 Point of Assessment 

3.1.4.1 PA identifies the point of assessment for each performance objective and measure, and 
justifies the selection of each point of assessment considering current and future land use 
and institutional controls. 

Low-Level Waste Disposal Facility Federal Review Group Manual 
Revision 3, June 2008 32 



3.1.4.2 The point of assessment for all-pathways, the air pathway excluding radon, and 
groundwater resource protection shall correspond to the point of highest projected dose or 
concentration beyond a 100 meter buffer zone surrounding the disposed waste. A larger 
or smaller buffer zone may be used if adequate justification (e.g., land use) is provided. 

3.1.4.3 The default point of assessment for the performance measure for radon exposure that is 
based on a limit on the average flux ofradon of 20 pCi/m2/sec at the ground surface is the 
ground surface over the disposal unit. 

3.1.4.4 The default point of assessment t()f the alternative perfol1nance measure for radon 
exposure that is based on a limit on air concentration of radioactive material of 0.5 pCi/L 
is 100 m from the edge of the disposal unit. 

3.1.5 Conceptual Model 

3.1.5.1 PA provides a clear description of the conceptual model of the hydrogeological setting of 
the disposal facility. The PA accounts for all relevant processes for the release of 
radionuclides trom the waste materials for environmental transport. The processes 
analyzed are justified by reference to relevant studies, available data, or supporting 
analyses in the PA. 

3.1.5.2 The conceptual model incorporates alternative interpretations of the composite processes 
that control the transport of radionuclides at the disposal site. 

3.1.5.3 The conceptual model is a reasonable interpretation of the existing geochemical geologic, 
meteorologic, hydrologic, and monitoring data for the site and disposal facility. 
Monitoring data can be used to test the validity of the conceptual model. 

3.1.5.4 The conceptual model includes evaluation of institutional controls, design and engineered 
features of the t:lcility and closure plans or reasonable assumptions for facility closure. 
Credits for the perfol111ance of engineered features and site closure included in the 
conceptual model are based on data derived from field investigations, related 
investigations, or documented sources of information relevant to the site and disposal 
facility. Credits for engineered features include a reasonable representation of the 
degradation of the engineered features that is justified by supporting investigations and 
data. 

3.1.5.5 The conceptual model includes assessment of natural processes that could affect the long
tenn stability of a disposal Elcility (e.g., tlooding, mass wasting, erosion, weathering) 
over the time period considered in the analysis. The assessments arc justified based on 
referenced investigations and supporting anal ysis. 

3.1.6 Mathematical Models 

3.1.6.1 The analytical and numerical models used for the PA arc reasonable representations of 
the conceptual model(s). There is sutlicient documentation and verification of the 
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analytical and numerical models to provide reasonable confidence in the model results. 
The complexity of the mathematical models selected is commensurate with the available 
site data. 

3.1.6.2 The input data used in the analytical and numerical models are described and are 
traceable to sources derived from field data from the site, laboratory data interpreted for 
field applications, and referenced literature sources which are applicable to the site. 
Assumptions which are used to formulate input data are justified and have a defensible 
technical basis. 

3.1.6.3 The computational steps in the implementation of analytical and numerical models are 
clearly described and traceable. 

3.1.6.4 Intermediate calculations are performed and results are presented that demonstrate, by 
comparison to site data or related investigations, the calculations used in the PA are 
representative of disposal site and facility behavior for important mechanisms represented 
in the mathematical models. 

3.1.6.5 The analytical and numerical models are tested, by comparison to benchmarked 
analytical calculations or results of other well-established models and demonstrate that 
the results are consistent with the conceptual model and available site data. The models 
are evaluated for defensibility and are reasonable representations of the disposal site and 
facility performance by comparison to available site data, related technical investigations, 
or referenced documentation or literature. 

3.1.6.6 The initial conditions, the boundary conditions, and the upscaling (i.e., normalization to 
field scale) of parameter data are applicable to the disposal facility and the expected 
range of changes in the physical and hydrologic properties of the site over 1,000 years. 

3.1.7 Exposure Pathways and Dose Analysis 

3.1.7.1 PA provides a complete description of the important exposure pathways and scenarios for 
the specific disposal facility that are used in the evaluation of the potential doses to the 
hypothetical, individual member of the public and inadvertent intruder consistent with 
site-specific environmental conditions and local and regional practices. The dose 
analysis is conducted for realistic and/or accepted scenarios for the setting of the facility 
and surrounding areas that represent the long-term performance of the LLW disposal 
facility. The exposure pathways and scenarios selected for detailed analysis are justified 
as representative. 

3.1.7.2 Exposure pathways from the transport of contamination in groundwater and surface 
water that may be considered include potential exposures from the ingestion of 
contaminated water, the use of contaminated water for drinking, for irrigation and 
livestock watering, and the biotic uptake and transport of contamination from 
groundwater and surface water. The ingestion of dairy products, livestock, fish, crops, 
and soil, the inhalation of resuspended particles, and external exposure should be 
considered. Representations of groundwater well performance (e.g., construction, 
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diameter, yield, depth of penetration, screen length) are reasonable reflections of 
regional practices and are justified. 

3.1.7.3	 If radiation dose is used as a measure of groundwater resource protection, the exposure 
scenarios consider the ingestion of water (at 2 liters per day or an alternative rate, if a 
justification is included) at the point of assessment, which represents the location of 
maximum exposure from a well constructed and developed using current practices 
typical for the local area. 

3.1.7.4	 Exposure scenarios from the transport of contamination in air that may be considered 
include residential and gardening activities which include the direct inhalation of 
volatile and nonvolatile radionuclides, external exposure, ingestion of crops, soil, 
livestock, dairy products, and inhalation of re-suspended particles 

3.1.7.5	 The inadvertent intruder analysis considers the natural and man-made processes that 
impact the possible exposure to an intruder and calculates the dose using acceptable 
methodologies and parameters. Exposure pathways from inadvertent intrusion into the 
waste disposal units identify the chronic (no more than one year) and acute exposure 
pathways for each of the exposure scenarios considered. The exposure pathways 
include all relevant ingestion, external exposure, and inhalation pathways for each 
exposure scenario. [Direct ingestion of contaminated groundwater and exposures to 
radon should not be considered for inadvertent intrusion, because they are considered 
separately.] 

3.1.7.6	 The inadvel1ent intruder analysis specifies the reductions in concentrations of 
radioactive material from mixing with uncontaminated material or the transport of 
radionuclides from the disposed waste mass, and justifies the parameters used in the 
analysis with site data, supporting analysis or referenced information. 

3.1.7.7	 The inadvertent intruder analysis accounts for naturally occurring processes (e.g., 
erosion, precipitation, flooding) and the degradation of engineered barriers in the 
calculation of results. 

3.1.7.8	 The inadvertent intruder analysis calculates the maximum dose from disposed waste 
during the period from the end of active institutional controls to 1,000 years after site 
closure using the recommendations of ICRP-30 (1979) and DOE approved dose 
conversion factors. 

3.1.7.9	 Acute exposure scenarios for inadvertent intrusion consider direct intrusion into the 
disposal site and exhumation of accessible waste material. Relevant scenarios that may 
be considered include discovery, residential construction, and well chilling that 
incorporate external exposure. inhalation of resuspended particles, and ingestion of 
particles. The scenarios used shall be justified. 

3.1.7.10 Chronic exposure scenarios for inadvel1ent intrusion consider direct intrusion into the 
disposal site and exhumation of accessible waste material for a period of up to one year. 
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Relevant scenarios that may be considered include residential use and post
construction, and post drilling agricultural use that incorporate the ingestion of 
foodstuffs, ingestion of soil, external exposure, and inhalation of re-suspended 
particles. The scenarios used shall be justified. 

3.1.7.11	 The dose analysis considers the exposure pathways and transfer factors between media 
and calculates the maximum dose using acceptable methodologies and parameters. 
Parameters used in the analysis are justified with supporting data or references. 

3.1.7.12 The dose analysis specifies the consumption of radioactively contaminated materials 
for the exposure pathways evaluated, the inhalation rates of contaminated materials, 
and the external exposure rates and conditions to radioactive materials. These 
parameters are justified using references to the literature or site-specific investigations. 

3.1.8 Sensitivity and Uncertainty 

3.1 .8.1 The PA includes sensitivity and uncertainty analysis at a sutlicient level of detail to 
increase confidence in model results. 

3.1.8.2	 Acceptable methods of sensitivity analysis are used to identify and rank sensitivity 
parameters at a suftlcient level of detail to use the results to screen future data needs or 
evaluate data suftlciency. Efforts are made to apply sensitivity analysis across all 
components of complex models to fully represent model variance. Variations analyzed 
in the uncertainty analysis that are important to the conclusions are justified as 
reasonable for the site and facil ity using data or related field investigations. 

3.1.8.3	 The results ofthe sensitivity and uncertainty analyses are used to assess model 
uncertainty and the effects of uncertainty on interpretations of model results. The 
analyses are based on cunently accepted methodologies (probabilistic and 
detenllinistic) used in modeling studies. The results of the analysis are used to test 
confidence in the assumptions and conclusions of the PA. 

3.1.8.4	 Estimates of the uncertainty in disposed and forecast waste inventory should be 
described with the methods used to quantify uncertainty, including decay conections. 

3.1.8.5	 The maximum projected dose, flux, or radionuclide concentration and time of 
oecunence is presented in the PA to provide for understanding of the natural system 
being modeled and the behavior of the model. 

3.1.9 Results Integration 

3.1.9.1	 The calculated results presented in the PA arc consistent with the site characteristics. 
the waste characteristics, and the conceptual model of the facility. The demonstration 
of consistency is supported by available site monitoring data and supporting tield 
investigations. The results of the analyses for transport of radionuclides and the 
inadvertent intrusion into the disposal facility, and the sensitivity and uncertainty of the 
calculated results are comprehensive representations of the existing knowledge of the 
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site and the disposal facility design and operations. 

3.1.9.2	 Any inventory limits are developed from reasonable projections of waste to be disposed 
and analyses that consider the physical and chemical characteristics of the wastes if 
those characteristics affect the release and transport of the radionuclides. 

3.1.9.3	 The conclusions of the PA address and incorporate any constraints included in any 
Federal, state, and local statutes or regulations or agreements that impact the site 
design, facility design, or facility operations. The conclusions also address and 
incorporate any procedural or site documentation changes or constraints due to the 
results of the facility PA. Reasonable assurance exists that these constraints and 
impacts are appropriately addressed in the PA. 

3.1.9.4	 The PA integrates the results of the analysis, the sensitivity and uncertainty analysis, 
the comparisons with the performance measures, WAC, operating procedures, and 
applicable laws, regulations, policies and agreements to formulate conclusions. 

3.1.9.5	 The PA conclusions incorporate the findings of the calculated results for the all 
pathways analysis, air pathway analysis, groundwater resource protection analysis, 
inadvertent intruder analysis, and sensitivity and uncertainty analysis. The results are 
interpreted and integrated to formulate conclusions which are supported by the results 
and the uncertainties in the results. The conclusions are consistent with the uncertainty 
of the results. 

3.1.9.6	 The analysis, results, and conclusions of the PA provide both a reasonable 
representation of the disposal facility's long-term performance and a reasonable 
expectation that the disposal facility will remain in compliance with DOE 0435.1. 

3.1.9.7	 The maximum projected impacts during the 1000 year compliance period after facility 
closure at the point of compliance is used in the analysis for evaluating disposal of 
LLW and establishing WAC for future disposal. 

3.1.10 Quality Assurance 

3.1.10.1	 The PA discusses quality assurance measures applied to the preparation of the analysis 
and its documentation (e.g., software quality assurance) The PA included appendices 
or references to published documents and/or data that provide a basis for the 
discussions and analysis in the PA. 

3.2 PA Review Criteria for Transuranic Waste 

The following sections specifY the criteria to be used by a review team in evaluating whether the 
technical documentation provided by a site that plans to dispose oftransuranic waste subject to 
the requirements of DOE M 435.1-1 is adequate. The documentation addresses compliance with 
the disposal requirements of 40 CFR 191 as well as DOE's expectation for a composite analysis 
as required by DOE M 435.1-1. These criteria reflect the expectations that DOE, as the 
implementing agency, has for meeting the 40 CFR 191 requirements. 
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The site documentation submitted to comply with requirements of DOE M 435.1-1 is to 
demonstrate that the disposal of transuranic waste: 

•	 Complies with 40 CFR 191.13, Containment Requirements. 
•	 Complies with 40 CFR 191.14, Assurance Requirements. 
•	 Complies with 40 CFR 191.15, Individual Protection Requirements. 
•	 Complies with 40 CFR 191.16 or 191.24, Ground Water Protection Requirements. 

This process for TRU waste disposal parallels the process developed for DOE low-level waste 
disposal facilities and requires that the transuranic waste disposal system be included in a 
composite analysis in addition to complying with the requirements of 40 CFR 191. The 
composite analysis is a DOE requirement, separate from the perfonnance assessment. Its purpose 
is to assess possible impacts from multiple radioactive sources, including the transuranic waste 
disposal system, on long-tenn compliance with DOE environmental and public radiation 
protection requirements contained in DOE Order 5400.5, Radiation Protection of the Public and 
the Environment. The composite analysis is not required for detennining compliance with the 40 
CFR 191 environmental standards, but it is an expected pali of the analyses that the Department 
of Energy considers when detennining compliance with DOE 0435.1. 

A perfonnance assessment is prepared as the technical analysis which demonstrates that the 
above requirements are met. These assessments: 

•	 Identify the processes and events that might afTect the disposal system; 

•	 Examine the effects of these processes and events on the performance of the disposal 
system; 

•	 Estimate the impacts from the release of radionuclides, considering the uncertainties 
caused by all significant processes and events; and 

•	 Demonstrate compliance with 40 CFR 19] .14, Subpart B, incl uding the assurance 
requirements. 

Because perfonnance assessments project disposal system perfonnance over long periods of time 
using complex analytical and numerical models, and expert judgment, substantial uncertainties 
will be encountered. Performance assessments do not lead to absolute or verifiable results or 
conclusions. Evaluation of the adequacy of the perfonnance assessments is based on reasonable 
expectation of meeting the regulatory requirements as established by a review team, comprising 
personnel with a high level of technical knowledge in the areas of science that are important to 
the performance assessment. 

The following sections include review criteria for review of perfonnance assessments of 
transuranic waste disposal systems. In many cases, the review criteria are followed by sub
criteria that describe the minimum infonnation expected or other guidance on how each of the 
critelia can be evaluated. These criteria arc to be used as guidance in the reviews of the 
perfonnance assessments by the review team, and for preparing the review reports discussed in 
Section 2.8. 
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The technical criteria presented in this chapter have been fonnulated with combined 
consideration of the 40 eFR 191 regulations, the August 1999 guidance developed by EH (see 
Appendix G), perfonnance assessment reviews of low-level waste disposal facilities and of the 
WIPP facility. They provide benchmarks to be addressed in the review of perfonnance 
assessments and provide direction to ensure the review satisfies its objectives. In the conduct of 
a specific review, modifications to these critelia or additional criteria may be required for 
detem1ining the acceptability of site-specific infonnation. Review teams must document the 
changes and additions to these criteria in the review report for specific perfonnance assessment 
revIews. 

The Review Team must detennine if the following fundamental conclusions regarding the 
perfonnance assessment and the other documentation provided to demonstrate compliance with 
the requirements are valid: 

• The documentation and analyses are complete. 
• The analyses are thorough and technically supported. 
• The conclusions presented are valid and acceptable. 

A finding that a technically acceptable analysis and presentation of infonnation has been 
completed must be made for each ofthe four topics included in the f()llowing sections. These 
review findings should be based on review team assessment ofthe review criteria presented in 
the following subsections. These criteria provide guidance and should be addressed in the review 
commensurate with the importance of each criterion to the perfonnance of the site and disposal 
system, and to the results and conclusions of a perfonnance assessment for evaluating disposed 
transuranic waste. 

The regulatory requirements of 40 eFR 191 issued in 1985 were revised in 1993. The 
requirements of the 1985 version are applicable to disposal between September 19, 1985, and 
January 19, 1994. The 1993 version (40 eFR 191.24) is applicable to disposal after January 19, 
1994. DOE has decided that, as a matter of policy, facilities demonstrating compliance with the 
1985 provisions should also include an analysis in the PA that compares perfonnance to the 1993 
groundwater requirements of 40 eFR 191.24, Disposal Standards. Such an analysis would not 
be for purposes ofregulatory compliance, but only tor information and comparison. To date, no 
DOE disposals other than the previously reviewed Greater Confinement Disposal Boreholes at 
NTS have been identified as being subject to the] 985 version of the rule. Thus, to shorten and 
simplify this manual, discussion of compliance with the] 985 version has been removed. If sites 
are identified which are subject to the 1985 version, they may either show compliance with the 
1985 version using the guidance in Revision I of this manual, while including an analysis for 
purposes of comparison of the 1993 requirements, or choose to demonstrate compliance with the 
more stringent 1993 requirements. 

3.2.1 Containment Requirements of 40 CFR 191.13 

The 40 CFR Part 191 regulations include Section 191.13 that establishes containment 
requirements t()r disposal oftransuranic waste. The containment requirements specify that there 
must be a reasonable expectation that thc cumulative releases of radioactivity from disposed 
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transuranic waste will not exceed release limits for 10,000 years after disposal. The 
methodologies used to assess the containment requirement must be probabilistic. 

The following acceptance criteria provide the basis for identifying questions to be addressed and 
requests for additional infonnation concerning the disposal of transuranic waste or the 
performance assessment. 

3.2.1.1 Criterion 1 

The performance assessment identifies and aggregates inventories of radionuc1ides listed in 40 
CFR 191, Appendix A, Table 1, Release Limits for Containment Requirements (see Appendix F 
of this manual for a copy of the regulation) that are present in the waste. A logical basis for how 
the radionuclides will be represented in the analysis is explained and justified. 

la. If probability distribution functions (PDFs) are used to represent the radionuc1ide 
inventories, the basis for assigning the distribution fonn (e.g., unifonn, nOlmal, 
triangular) is documented and justified. If single values (detenninistic) are used to 
represent the inventories of radionuc1ides, the basis for selecting the values is described 
and justification is provided demonstrating that the single values are unlikely to 
underestimate the inventory and inventory uncertainty. 

Ib. The basis for estimating the radionuc1ide inventories of Table I is described and, to the 
extent practical, is based on a combination of past waste disposal records, a reasonable 
expectation of actual waste content that is based on knO\vledge of the processes that 
generated the waste, calculations, sampling data, technical studies, and reasonable 
projections of future waste disposal s. 

1c. The method of converting the radionuc1ides listed in 40 CFR 191, Table I to the required 
release limits is identified, justified, and has been perfonned correctly. 

Discllssion: The radionuclide inventories used for the containment analysis (Section 3.2.1), 
individual protection analysis (Section 3.2.3), and groundwater protection (Section 3.2.4) 
analysis should be consistent but are not necessarily the same inventories as specified in the 
requirements of 40 CFR 191. The radionuclides included in the containment requirements are the 
radionuclides specifically listed in Table I of Appendix A for 40 CFR 191. 

The containment requirements are expressed as a complementary cumulative distribution 
function (CCDF) or 1 minus the cumulative distribution function (CDF). The CDF is an 
ascending curve derived by integration of the probability density function (PDF) where the PDF 
is the distribution of expected releases established from a perfonnance assessment for a disposal 
system over 10,000 years. Figure 3-1 shows two examples of the integrated CCDF for the TRU 
Greater Confinement Disposal boreholes from the TRU pertonnance assessment for the Area 5 
Radioactivc Waste ManagemenL Site (modified from Cochran ct al. 2001 \ The figure illustrates 

Cochran. l.R.. Beycler W .. E.. Brosseau D. A.. Brush 1.. II .. Brown T. l .. Conrad S. II .. Crowe. B.M .. Da\is P. 1\.. 
Ehrhorn T .. ]'ecney T.. Fogleman W .. Gallegos D. P.. Haaker R.. Kalinina E.. Price l.L.. Thomas D.P.. and Sharon 
Worth S .. COl11pliancc Asscssl11cnl noclI/11cn/for Ihc Transuranic Waslcs inlhe Grealer Confinemenl Di.ljJo.lal 
Boreholes allhc !Ve\'(ula Tesl Sile. Voillme 2: Perfo,.,nance Assessmenl, !'ersion f. 1(2001). 
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the features of the CCOF (examples shown with and without drill cuttings). The x-axis of Figure 
3-1 is a measure of the total radioactivity released from a disposal system normalized to the 
release limits of Table 1 of Appendix A of 40 CFR 191. The y-axis is the probability of 
estimated releases. Regulatory acceptance is assumed if the mean CCOF or a family of CCOFs 
established from probabilistic cumulative releases from a TRU disposal site do not intersect (do 
remain to the left) of the stair-stepped curves defined by the probabilistic Environmental 
Protection Agency requirements for 40 CFR 191.13 (EPA acceptance boundary). The 
construction and interpretation of the CCOF plot of Figure 3-1 has been described in many 
publications; see Appendix B of the 1996 report by the National Research Council for an 
effective discussion ofthe development of a CCDF and its application to the CRs.2 

, National Rc~carch Council. The Wastc Isolation Pilo! Plant: ,,1 Potcntial Solution/or the Disposal of li"ansurtlnic 
Wastc. National Acadcmy Pre~~. Washington D.C. (1996). 
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Figure 3-1. Two versions of the CCDF for the containment requirements for the TRU GCD boreholes at the Area 5 RWMS, Nevada Test 
Site (modified from Cochran et al. 2001). The left figure shows the CCDF without inclusion of drill cuttings and the right figure shows 
the CCDF with drill cuttings (modification added during the LFRG review of the GCD performance assessment). The figures show the 
important features of a CCDF diagram of the contairunent requirements and illustrate the sensitivity of the occurrence probability of the 
drilling scenario and the radiological releases associated with the scenario. 
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3.2.1.2 Criterion 2 

The TRU perfonnance assessment correctly applies the cumulative release limits of Appendix A 
Table 1 to the containment requirement of 40 CFR 191.13 (see Appendix F of this manual). The 
perfonnance assessment supports a reasonable expectation of meeting the release limits for the 
10,000 year time of compliance following sitedisposal. 

2a. The perfonnance assessment provides clear and comprehensive results of a probabilistic 
analysis that estimates the cumulative release of radionuc1ides in a technically adequate 
manner that accounts for all significant processes and events, to the extent practical. 

2b. The performance assessment evaluates compliance against the release limits for 10,000 
years following disposal through development and illustration of a complementary 
cumulative distribution function (CCDF) that does not exceed the release limits of 40 
CFR 191.13. The CCDF is established from a sufficient number of model realizations to 
establish convergence and stability. 

3.2.1.3 Criterion 3 

The perfonnance assessment identifies the "accessible environment" used for evaluating 
compliance with the containment requirement and justifies its selection (see Figures 3.2 and 3.3). 

3a.	 The "accessible environment," is the atmosphere, land surface, surface waters and 
oceans, and the lithosphere outside of the "controlled area" where the "controlled area" 

has a boundary that is no more than 5 kilometers from the edge of the disposed waste, 

is within an area of no more than 100 square kilometers that is identified or will be 
identified by passive institutional controls, and 

includes the lithosphere underlying the above-defined surface location. 

3b.	 The "accessible environment"' is consistent with future land use plans. This means that 
the boundary at the earth's surface that defines the "controlled area" is coincident with or 
within the future site boundary ofland that DOE intends to control (e.g., a boundary 
defined in accordance with its land use or long-term stewardship plan). 
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Figure 3.2. Illustration of the Location of the "Point of Assessment'" 
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Figure 3.3. Confinement Evaluates Releases from the "Controlled Area" to the "Accessible 
Environment" 

Discussion: The definition of the "accessible environment'" requires some clarification. As 
defined in 40 CFR 191. the "controlled area" is the land surface as established above in 3b and 
the subsurface underlying that surface location. Whereas the "accessible environment'" is 
generally perceived to be aJllocations outside the "controlled area:' the land surface and surface 
water in "controlled area" are exceptions. The definition of ' 'accessible environment'" in 40 CFR 
191, and the 1985 Supplementary Information (50 FR 38077) indicate that there is overlap 
between the "controlled area" and the "accessible environment'" at the earth's surface. The 
regulation includes a list offive locations that comprise the "acccssible environment" (I) The 
atmosphere; (2) land surfaces; (3) surface waters; (4) oceans; and (5) all of the lithosphere that is 
bcyond the ··controlled area'" The Supplementary Infonnation is clearer in that it only separates 
thc ·'accessible environment" into two clements: .'( I) The atmosphere, land surface, surface 
waters, and the oceans, wherever they are located; and (2) portions of the lithosphere - and the 
ground water within it - that are beyond the controlled area." 
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3.2.1.4 Criterion 4 

The perfonnance assessment accounts for all relevant mechanisms for releasing radionuclides 
from the waste and making them available for environmental transport, including diffusion, 
advection, and vapor phase transport. The mechanisms analyzed are justified by reference to 
relevant studies, available data, and supporting analyses. 

4a.	 The perfonnance assessment accounts for the physical and chemical characteristics of the 
waste and disposal system that affect release. 

3.2.1.5 Criterion 5 

The performance assessment presents infonnation on the environment and the disposal system 
(hydrogeological setting) sufficient to SUpp0l1 the analysis presented in the performance 
assessment and justifies the infonnation by reference to relevant studies, available data, or 
supporting analyses. 

Sa. The transuranic waste disposal system is identified and described in tenns of disposal 
units comprising the system, disposal unit design and closure, and nearby facilities. A 
justification is provided for what constitutes the disposal system. 

5b. Sufficient infonnation is provided in the perfom1ance assessment on the natural barrier 
system and environment to support the analysis, including, but not limited to, site 
geography, demography, current and future land use, meteorology, ecology, geology, 
seismology, volcanology, surface water and groundwater hydrology, geochemistry, 
geologic resources, water resources, and natural background radiation, and the 
performance assessment justifies the infonnation. 

5c. The perfonnance assessment presents information on the engineered barrier system 
including, but not limited to, facility design features that address water infiltration, 
disposal unit cover integrity, and structural stability in detail sufficient to support the 
analysis, and justifies the infonnation. 

5d. The perfonnance assessment presents infonnation on the facility operational controls 
derived from facility-specific documentation (e.g., operating procedures, safety analysis 
reports, waste acceptance criteria) that impact the facility design, engineering, and facility 
operations and are signiticant in the performance assessment analysis. 

3.2.1.6 Criterion 6 

The perfonnance assessment provides a clear and comprehensive description of the conceptual 
model of the site and processes associated with the release and transp0l1 of radionuclides trom 
the waste materials to the accessible environment. The conceptual model is justified through 
reference to investigations, studies, data, evaluations, and supporting analyses that arc 
representative of the site-specitic conditions described. 

6a.	 The conceptual model incorporates interpretations of available geochemical, geologic, 
meteorologic and hydrologic data, and the relevant mechanisms that have a significant 
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effect on the transport of radionuclides at the disposal site. The conceptual model 
includes natural processes that affect the transport of radionuclides (e.g., flooding, mass 
wasting, erosion, weathering) over the time period considered in the analysis, as justified 
based on referenced investigations and supporting analysis. 

6b. The conceptual model for the source term, groundwater flow, and radionuclide transport 
includes parameters ftir unsaturated and saturated flow, total and effective porosity, 
hydraulic conductivity, water retention, relative permeability relationships, volumetric 
water content, retardation, and difTusion that are based on data, related investigations, and 
documented references relevant to the site and disposal system. 

6c. The conceptual model incorporates interpretations of chemical, hydrologic, mechanical, 
and thenTIodynamic data and relevant mechanisms of the engineercd features of the 
closed facility that have a significant effect on the release and transport of radionuclides. 
The conceptual model includes reasonable representations of the degradation of 
enginccred features over the time period considered in the analysis. Perf0n11anCe 
attributed to engineered features and degradation of the perfOlmance of those features is 
justified. 

6d. Natural features, events, and processes are identified. Categories of events or processes 
need not be considered if they have a low probability of occurrence using the cliteria 
established in Appendix C to Part 191 (less than one chance in 10,000 of occurring over 
10,000 years). 

Discllssion: Reviewers should consider whether scenarios have been inappropriately 
disaggregated into low-probability subscenarios. 

6e.	 Assumptions incorporated into the conceptual model to account for transport mechanisms 
with sparse data or supporting analyses should be identified and justified as reasonable 
representations of expected site behavior over the time period considered in the analysis. 

6f	 The conceptual model identifies and describes reasonable scenarios for the disturbed 
performance of the facility, which are consistent with the site- and facility-specific effects 
of the disposal system's environmental and design attributes, local or regional customs 
and construction practices (including well-drilling practices), and passive institutional 
controls. 

Discussion: The EPA guidance on assessing impacts from an inadvertent intruder (included in 
40 CFR 191, Appendix C) was developed for a geologic repository. Whereas the underlying 
philosophy in the guidance may be applied to any disposal system, some of the detailed 
guidance is not so generally applicable. 3 

SpecifIcally. the Appendix C guidance occurrence and frequency of exploratory drilling and on 
the releases from a well-drilling event are not necessarily directly applicable to disposal systems 
that are being reviewed under this Manual (i.e., disposal systems other than geologic 

, Guidance on interpretation of 40 CFR 19 L Appendix C. to the Nevada Test Site Greater ConfInement Disposal 
boreholes has been provided to the Nevada Operations Of1Jee by Ell (August 19(9). 
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repositories). The impacts of intruder analyses should be consistent with the following 
discussion. It is possible to hypothesize intruder scenarios so severe that no conceivable disposal 
system could be shown to meet the standards. That is, regardless of the site selection or design 
practices, it will always be possible to concoct an intrusion event that can be hypothesized to 
release radionuclides in excess of the release limits. Reasonable limits can be placed on the 
severity of the assumptions used to make the assessment. Each disposal system should be 
considered on its own, unique merits and characteristics and intrusion scenarios can be based on 
site-specific conditions, local practices, infonned judf:,JTI1ent, and other appropriate rationale. 
The most productive consideration of inadvcI1ent intrusion in this regard concerns those realistic 
possibilities that may be usefully mitigated by disposal system location or design, or passive 
institutional controls. 

3.2.1.7 Criterion 7 

The performance assessment provides a clear and comprehensive description of the 
mathematical models used in the analysis, the basis for their selection, and the linkage from one 
model to the next. The mathematical models selected are justified and provide a reasonable 
representation of the technically important mechanisms identified in the conceptual model. The 
perfonnance assessment provides a coherent presentation of the relevant descriptive inf<'mnation 
concerning the site, the disposal units, and waste characteristics that are reflected in the 
conceptual model, and the sclection of the mathematical models used to represent them in the 
analysis. 

7a. The complexity of the mathematical models selected is commensurate with the available 
site data and assumptions incorporated into the mathematical models are identified, 
justified, and consistent with the conceptual model. The calculations used in models and 
analytical solutions are clearly presented with sufficient detail to allow traceability and 
duplication of the results. 

7b. Mathematical models incorporate equations and boundary conditions which reasonably 
represent the mathematical formulation of the conceptual models. Numerical models used 
in the assessments should provide stable solutions for a realistic range of model and 
parameter assumptions. 

7c. Probability distributions of parameter inputs are documented, are consistent with the 
conceptual models, and are justified by reference to availablc data, relevant studies, 
and/or supporting analyses. 

7d. Mathematical models selectcd are documentcd and verified and the verification presented 
or referenced. 

3.2.1.8 Criterion 8 

Thc perfonnance assessment presents infonnation demonstrating that the computer codes 
accurately implement the numerical models. (i.e., the computer codcs are tree of coding errors 
and produce stablc solutions). The distributions and values that represent input parameters used 
in the computer codcs are derived from field data from the site and facility, laboratory data 

Low-Lel'el Waste Disposal Facili~r Federal Rel'iew Group il1allual 
Revision 3. .J line 2()()8 



interpreted for field applications, referenced literature sources, or from technical judgment that 
is applicable to the site and facility. 

8a.	 Important and highly sensitive parameters, numerical models and model assumptions are 
adequately justified using a combination of data, field investigations, and published 
resources that are relevant to the site and facility. If there are limited or no relevant data, 
the technical basis and justification for selection of parameter values and use of modeling 
assumptions is presented. 

3.2.1.9 Criterion 9 

The performance assessment presents technically defensible sensitivity and uncertainty analysis 
of parameters, scenarios and model results incl uded in the performance assessment. 

9a.	 The sensitivity analyses included in the performance assessment use acceptable methods 
for identifying sensitive parameters, models and scenarios that affect the uncertainty in 
the performance assessment. The sensitivity analysis methods should be traceable and 
documented. 

9b.	 The uncertainty in model assumptions, parameter values, mathematical and conceptual 
models should be analyzed quantitatively or qualitatively to the extent necessary to 
justify a conclusion of reasonable expectation of meeting the requirements of 40 CFR 
191. I3. Methods used in the uncertainty analysis should be traceable and documented. 

Discussion: Sensitivity and uncertainty analyses refer to evaluations of changes in model output 
with changes in input parameters and model and scenario assumptions. An assessment of 
acceptable uncertainty is site dependent and requires an assessment of the tradeoff between the 
cost and benefits of gathering data and the potential for uncertainty reduction. Generally, 
uncertainty analysis should be increasingly emphasized as predicted releases or doses approach 
regulatory limits. Sensitivity and uncertainty analyses are not specifically required in 40 CFR 
191 but are implicit in establishing a reasonable expectation that the results adequately reflect 
the performance of a site. 

3.2.J.10 Criterion 10 

The pert<mnance assessment discusses the quality assurance measures applied to the preparation 
of the analysis and its documentation. 

lOa.	 Reference is made to the site- or facility-specific quality assurance program or program 
plan followed in development and execution of the perfonnance assessment data 
collection and/or analysis, and specific references are included to quality assurance 
audits, surveillances, or monitoring of the performance assessment data collection and 
analysis activities. as appropriate. 

lOb.	 Information is provided that shows DOE 0 414.4A, Quality Assurance, and DOE 0 
200.1. in/ormation Managemcnt Program, were specifically followed in development 
and/or implementation of the software used in the analysis and its documentation. The 
int<)f\llation includes how the quality assurance measures discussed in DOE G 200.1a. 
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Software Engineering Methodology, or an equivalent has been used to develop and/or 
implement the software used in the analysis. 

]Oc. Quality assurance measures are applied specifically to the data collection and analysis for 
the final iterations of the performance assessment that arc included as the basis for 
demonstrating compliance with the perfoTInance measures or which are used for drawing 
conclusions about the performance of the facility. 

3.2.2 Assurance Requirements of 40 CFR 191.14 

The 40 eFR Part 191 regulations include section 191.14 that establishes assurance requirements 
for transuranic waste disposal. The assurance requirements were developed to provide increased 
confidence that the compliance requirements of Section 40 CFR 191.13 will be met over the 
long term. Whereas other requirements in 40 CFR ] 91 involve the preparation of a perfomlance 
assessment to project movement of radionuclides through the environment, the assurance 
requirements relate more to the institutional, administrative, and engineering controls that are 
established to contribute to the safe isolation of the waste (defense in depth). 

The following acceptance criteria provide the basis for developing a review plan and identifying 
questions to be addressed during the review. 

3.2.2.1	 Criterion 1 

Site personnel have a plan, consistent with site usage and 10ng-teTIn land use and/or stewardship 
plans, for maintaining active and passive institutional control of the disposed transuranic waste. 
Active institutional controls are defined in 40 eFR 191 and include monitoring and maintenance 
perfoTIned to ensure that the transuranic waste disposal system pcrfoTIns as designed4 

. 

] a.	 Site documentation describes and justifies the active and passive institutional controls 
that will be employed (e.g., access control, monitoring, maintenance), and as appropriate, 
the location of the controls. 

Ib.	 Site documentation projects the time periods that active and passive institutional controls 
will be effective. 

1c.	 Site documentation provides a rationale or justification for the time period for which 
active and passive institutional controls are projected to be effective. 

3.2.2.2 Criterion 2 

The perf(mnance assessment analysis is consistent with the projected effectiveness of the active 
institutional controls, but acceptable performance of the transuranic waste disposal system is not 
dependent on the controls continuing for longer than 100 years following closure of the site. 

4 DOr requirements and responsibilities under the Atomie Energy Act also require long-term institutional control. In 
accordance with the Atomic Energy Act and the DOE Organization Act. DOE responsibilities f<Jr controlling 
property and protecting the public and the environment continue regardless of analytical assumptions. See The 
I"ung-Term Control ofProperlL O\'('ITiCIl" of requircments in Order DO!:" 5400 lund 54005. Infom1ation Brief 
[II-4J2-0014 1099 and DOE Policy 454.1 Use of Institutional Controls. April 9. 2003 
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3.2.2.3 Criterion 3 

The site has developed and documented a monitoring program that is capable of detecting 
substantial and detrimental changes in the expected disposal system performance. 

3a.	 Monitoring program documentation identifies parameters that will be used as indicators 
of substantial and detrimental performance of the disposal system. Planned monitoring is 
consistent with expected performance. 

Discussion: The monitoring program may comprise in situ field monitoring, controlled field 
experiments (e.g., closure cover studies), and laboratory studies. Under this criterion the review 
team should evaluate the media and parameters that site personnel have identified to include in 
the monitoring program. 

3b.	 Monitoring program documentation includes a descliption of the monitored parameters, 
locations, and frequency of monitoring activities. 

3c.	 Monitoring program includes a logical and technically acceptable rationale for the 
parameters selected, locations, and the monitoring frequencies. 

3d.	 Even though this is not an explicit requirement of 40 CFR 19], for consistency with DOE 
M 435.] -I, the monitOling program describes and discusses action levels associated with 
monitoring. 

Discussion: Generally, monitoring is perfonned to confirm that selected design features are not 
substantially deteriorating and that values of parameters significant to system performance are 
within ranges used in the performance assessment. The monitoring program should define the 
limits that will result in an action being taken and describe the action that will be taken. In some 
cases, the results of monitoring (field samples or laboratory results) may require a revision to the 
performance assessment. If there are plans to terminate the monitoring program, the critelia for 
making this decision should be identified and justified. 

3e.	 The monitoring program is performed under the controls of a quality assurance program 
developed in accordance with applicable DOE regulations and orders. 

3f.	 Conduct of the monitoring program will not jeopardize the isolation of the waste. 

3.2.2.4 Criterion 4 

Site personnel have identified markers, records and other specific passive institutional controls 
and described how they will be implemented. 

Discussion: Passive institutional controls are detlned in 40 CFR 191. However, as part of its 
focus on long-term stewardship, DOE is investing a substantial eftart to develop further the 
means of providing institutional controls. 
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4a.	 The method oflong-tenn marking of the site is described andjustitled including size and 
materials of construction of the markers, location and method of installation of the 
markers, and the infonnation and languages to be included on the markers. 

Discussion: The regulation requires that the site be marked by the most pennanent markers 
practicable. The review team should detennine if the plans for fabricating and installing the 
markers can be expected to provide long-ternl identification of the site. In addition, the review 
team should determine whether the message included on the marker includes ample warning that 
the site is dangerous. 

4b.	 Infonnation on the location, type of waste, radionuclide content, system design and any 
other pertinent infonnation is recorded and is maintained in accordance with applicable 
DOE requirements. 

Discussion: The review team should verify that records of the appropriate infonm1tion about the 
waste and disposal site have been prepared and are being managed in accordance with cUlTent 
DOE requirements regarding records management and quality assurance. As of this writing, 
records management is addressed by DOE 0200.1 and quality assurance by DOE 0 414.1 A and 
10 CFR 830.120. 

4c.	 Documentation identifies local entities external to DOE that are to receive information 
about the transuranic waste disposal and the infonnation they are to receive. The 
infonnation to be conveyed provides sufficient description to identify the location, 
design, contents, and hazards associated with the disposed waste. 

Discussion: The intent of the requirement is to ensure to the extent practical that information 
about the location and hazards associated with the disposed waste are available to future 
generations by placing infonnation in the records oflocal governments in addition to the record 
keeping required by DOE. Appropriate means of transferring the infonnation may include 
providing it to local land-use planning organizations and getting the infonnation recorded in 
local records for the property. 

3.2.2.5 Criterion 5 

Engineered barriers and natural barriers intended to isolate waste from the accessible 
environment are used. 

Sa.	 Documentation describes the engineered and natural balTiers that deter the movement of 
radionuclides from the disposal system. For the balTiers described, their role in isolating 
waste from the accessible environment is discussed and justified, and as appropriate, 
consistent with analyses in the perfonnance assessment. 

Discussion: In regard to this subcritcrion. natural balTicrs may include, but are not limited to. 
geologic features and characteristics (e.g., soil porosity and sOIvtion properties), and hydrology. 
Engineered barriers may include. but are not limited to disposal unit design, closure design, 
waste fonn. and packaging. 
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3.2.2.6 Criterion 6 

Transuranic waste disposal locations are not likely to be disturbed by mining or exploring for 
geologic resources. 

6a.	 For the following geologic resources, documentation discusses whether they have been 
mined in the vicinity, whether there is a reasonable expectation of exploration for 
resources, or whether there are concentrations not widely available from other resources: 

•	 minerals, 
•	 petroleum and natural gas, 
•	 valuable geologic fonnations, 
•	 groundwater that is either irreplaceable because it supplies a substantial 

population and there is no reasonable alternative, or it is vital to preserving a 
unique and sensitive ecosystem. 

Discussions should provide justification fiJr claims that resources as discussed above are 
absent or otherwise not susccptible to future exploration or exploitation. 

6b.	 If a resource is present or likely present such that it may be subject to exploration or 
exploitation, documentation identifies favorable site characteristics and justifies why 
these characteristics compensate for the likelihood of future human disturbance. 

3.2.2.7 Criterion 7 

Documentation provides a discussion of how the waste could be removed for a reasonable 
amount of time following disposal. 

7a.	 The method of disposal is such that the waste and radionuclides can reasonably be 
expected to remain in their disposed location for an acceptable period of time. 

7b.	 Documentation establishes that retrievability of the waste is feasible. 

Discussion: Although there is no specific time specified in the regulation or review criteria, the 
review team should evaluate the time and rationale from the standpoint of the need to respond to 
new infonnation about the safety of the disposal. The new infonnation may be trom the 
monitoring program (e.g., infonnation from monitoring or studies that indicates an adverse 
change in perfonnance), a change in information about the disposed wastc, or a change in policy 
regarding disposal. 

3.2.3	 Individual Protection Requirements of 40 CFR 191.15 

Individual Protection Requirements of 40 CFR 191 regulations include section 191.15 that 
establishes individual protection requirements for disposal oftransuranic waste. The individual 
protcction requircments spccify that there must be a reasonable cxpcctation that radioactive 
releases from the undisturbed performancc of the transuranic waste disposal systcm will not 
cause doses to members of the public to excced specifIcd limits during the time of compliance. 
Thc tenn "undisturbed pCrfClnllancc" means that the disposal system is not disrupted by human 
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intrusion or unlikely natural events. The individual protection methodologies may be either 
deterministic or probabilistic. 

The following acceptancc criteria provide the basis for identifying questions to be addressed and 
requests for additional inf()rmation concerning disposal of the transuranic waste or the 
performance assessment. 

3.2.3.1	 Criterion 1 

The performance asscssment identifies the radionuclides in the waste and specifies the 
inventories of radionuclides potentially significant to the individual protection requirement. A 
logical basis for the selection and representation of the radionuclides in the analysis is explained 
and justified. 

Ia.	 If probability distribution functions (PDFs) arc used to represent the radionuclide
 
inventories, the basis for assigning the distribution form (e.g., uniform, normal,
 
triangular) is documented and justified. If single values (deterministic) are used to
 
represent the inventories of radionuclides, the basis for selecting the values is described
 
and justification is provided demonstrating that how the single values are unlikely to
 
underestimate the inventory and inventory uncertainties.
 

Discussion: The radionuclide inventories used for the containment analysis, individual protection 
analysis, and groundwater protection analysis should be consistent but are not necessarily the 
same inventories as specified in the requirements of 40 CFR 191. For the individual protection 
requirements, the inventory to be considered includes all radionuclides disposed of in the 
transuranic waste disposal system. 

Ib.	 All of the radionuclides disposed and anticipated to be present in wastes to be disposed of 
are evaluated in the perfonnance assessment. The radionuclides should include the 
transuranic waste and co-located waste where co-located refers to low-level and/or mixed 
radioactive waste in the same disposal unit but not necessarily all disposal units in the 
disposal facility. Radionuclides screened from detailed analysis are identified, and the 
bases for these conclusions are supported and defensible. 

lc.	 The basis for estimating the radionuclide inventories is described and, to the extent 
practical, is based on a combination of past waste disposal records, a reasonable 
expectation of actual waste content established from knowledge of the processes that 
generated the waste, calculations, sampling data, technical studies, and reasonable 
projections of future waste disposals. 

1d.	 The perfonnance assessment identifies radionuclides present in the waste that have bccn
 
eliminated from detailed consideration in the individual protection requirement and
 
describes and justifies the basis for their elimination.
 

3.2.3.2 Criterion 2 

The performance assessment specifics that the dose limit is an annual committed effective dose 
of 15 mrem to any member of the public in the accessible environment 
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2a. The perfonnance assessment provides a reasonable expectation that the undisturbed 
perfonnance of the disposal system shall not cause the annual committed effective dose, 
received through all potential pathways from the disposal system, to any member of the 
public in the accessible environment, to exceed 15 millirems (150 microsieveI1s). 

3.2.3.3 Criterion 3 

The perfonnance assessment analysis covers a sufficient time interval to support a reasonable 
expectation of meeting the specified limits for the time of compliance. 

3a.	 The performance assessment evaluates compliance versus the dose limit for 10,000 years 
following disposal. 

3b.	 Even though this is not an explicit requirement of 40 CFR 191, for consistency with DOE 
M 435.1- L the perfonnance assessment presents analyses for a sufficient period of time 
beyond the time of compliance and justifies the time period used. This extended analysis 
should support an assessment as to whether or not there is a reasonable expectation of 
compliance during and beyond the compliance interval. The main purpose of such an 
analysis is to demonstrate that reasonable variations of assumptions or parameter values 
are not likely to affect compliance by shifting releases that otherwise would be beyond 
the end of the compliance period back within the compliance period. The conditions 
(e.g., frequency of events) developed for the period of compliance should not be 
expanded for the longer assessment times. 

3.2.3.4 Criterion 4 

The performance assessment identifies the point of assessment and justifies its selection (see 
Figures 3.2 and 3.3). The point of assessment is the location at which compliance with the 
individual protection requirement is evaluated. 

4a.	 The point of assessment is the point in the "accessible environment'" where an individual 
is projected to receive the highest dose. 

4b.	 The "accessible environment'" is the atmosphere, land surface, surface waters and oceans 
and the lithosphere outside of the "controlled area" where the "controlled area" 

has a boundary that is no more than 5 kilometers from the edge of the disposed waste. 

is within an area of no more than I 00 square kilometers that is identificd or will be 
identificd by passivc institutional controls, and 

includes thc lithospherc underlying the above-defined surface location. See 
discussion for Criterion 3 for in Section 3.2.1 and Figure 3.3. 

4c.	 The point of assessment is in a location that is consistent with future land use plans. This 
means that the boundary at the earth's surface that defines the "controlled area" is 
coincident with or within the future site boundary that DOE intends to control (e.g., a 
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boundary defined in accordance with its land use or long-term stewardship plan). See 
related discussion in Section 3.2.1, Criterion 3. 

Discllssion: The definition of the "accessible environment" requires some clarification. As 
defined in 40 CFR 191, the "controlled area" is the land surface as established above in 4b and 
the subsurface underlying that surface location. Whereas the "accessible environment'" is 
generally perceived to be all locations outside the "controlled area," the land surface and surface 
water in "controlled area" are exceptions. The definition of ' 'accessible environment"" in 40 CFR 
191, and the 1985 Supplementary Information (50 FR 38077) indicate that there is overlap 
between the "controlled area" and the "accessible environment" at the earth's surface. The 
regulation includes a list of five locations that comprise the "accessible environment"" (I) the 
atmosphere; (2) land surfaces; (3) surface waters; (4) oceans; and (5) all of the lithosphere that is 
beyond the "controlled area:' The Supplementary Information is clearer in that it only breaks the 
"accessible environment" into two elements: "(1) The atmosphere, land surface, surface waters, 
and the oceans, wherever they are located; and (2) portions of the lithosphere - and the ground 
water within it - that are beyond the controlled area:' Therefore, for purposes of individual 
protection analyses. an individual can reside at any surface location within or outside the 
"controlled area."' However, because the definition of "accessible environmenf' excludes the 
subsurface of the "controlled area,"' including groundwater, analysis of the impact to an 
individual living at a surface location within the "controlled area" should not include use of 
groundwater from below the "controlled area."' For an individual living at a surface location 
outside the "controlled area" use of groundwater is a valid assumption. 

3.2.3.5 Criterion 5 

The perfonnance assessment accounts for all relevant mechanisms for releasing radionuclides 
from the waste and making them available for environmental transport, including diffusion, 
advection, and vapor phase transport. The mechanisms analyzed are justified by reference to 
relevant studies, available data, and supporting analyses. 

Sa.	 The performance assessment accounts for the physical and chemical characteristics of the 
waste and disposal system that affect release. 

3.2.3.6 Criterion 6 

The perfomlance assessment presents infonnation on the environment and the disposal system 
(hydrogeological setting) sufficient to support the analysis presented in the perfomlance 
assessment and justifies the information by reference to relevant studies, available data, or 
supp011ing analyses. 

6a. Sufficient infonnation is provided in the performance assessment on the natural barrier 
system including, but not limited to, site geography, demography, current and future land 
use plans, meteorology, ecology, geology, seismology, volcanology, surface water and 
groundwater hydrology, geochemistry, geologic resources, water resources, and natural 
background radiation to support the analysis, and justifies the information. 

6h. The perfonnance assessment presents inftmnation on the engineered harrier system 
including. but not limited to. facility design features that address water infiltration, 
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disposal unit cover integrity, and structural stability in detail sufficient to support the 
analysis, and justifies the infonnation. 

6c.	 The perfonnance assessment presents infonnation on the facility operational controls 
derived from facility-specific documentation (e.g., operating procedures, safety analysis 
reports, waste acceptance criteria) that impact the facility design, engineering, and facility 
operations and are signifIcant in the perfonnance assessment analysis. 

3.2.3.7 Criterion 7 

The performance assessment provides a clear and comprehensive description of the conceptual 
model of the site and processes associated with the release and transport ofradionuclides from 
the waste materials to the accessible environment. The conceptual model is justified through 
reference to investigations, studies, data, evaluations, and suppoliing analyses that are 
representative of the site-specifIc conditions described. 

7a.	 The conceptual model incorporates interpretations of available geochemical, geologic, 
meteorologic and hydrologic data, and the relevant mechanisms that have a significant 
effect on the transport of radionuclides at the disposal site. The conceptual model 
includes natural processes that affect the transport of radionuclides (e.g., flooding, mass 
wasting, erosion, weathering) over the time period considered in the analysis, as justified 
based on referenced investigations and supporting analysis. 

7b.	 The conceptual model for the source tenn, groundwater flow, and radionuclide transport 
includes parameters for unsaturated and saturated flow, total and effective porosity, 
hydraulic conductivity; water retention, relative penneability relationships; volumetric 
water content, retardation, and diffusion that are based on data, related investigations; and 
documented references relevant to the site and disposal system. 

7c.	 The conceptual model incorporates interpretations of chemical; hydrologic; mechanical, 
and thermodynamic data and relevant mechanisms of the engineered features of the 
closed facility that have a significant effect on the release and transport of radionuclides. 
The conceptual model includes reasonable representations of the degradation of 
engineered features over the time period considered in the analysis. Perfonnance 
attributed to engineered features and degradation of perfonnance is justi fied. 

7d.	 Natural features, events, and processes are identifIed. Categories of events or processes 
need not be considered if they have a low probability of occurrence using the criteria 
established in Appendix C to Part 191 (less than one chance in 10,000 of occurring over 
10,000 years). The individual protection requirements arc assessed for undisturbed 
perfonnance and do not include the effects of human intrusion or the occurrence of 
unlikcly natural events. 

7e.	 Assumptions incorporated into the conceptual model to account for transport mechanisms 
lacking sufficient data or suppOliing analyses are identifIcd and justifIed as reasonable 
representations of site behavior over the time period considered in the analysis. 
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3.2.3.8 Criterion 8 

The perfonnance assessment provides complete descriptions of the important exposure pathways 
and scenarios for the specific disposal system that are used in the evaluation of the potential 
doses to a hypothetical member of the public consistent with site-specific environmental 
conditions and local and regional practices. The exposure pathways and scenarios selected for 
detailed analysis are justified as reasonable representations which are unlikely to lead to 
underestimating doses for the long-tenn. 

8a. The perfonnance assessment includes consideration of exposure pathways from the 
transport of contamination in groundwater including potential exposures from the 
ingestion of contaminated groundwater; the use of contaminated groundwater for 
irrigation and livestock watering, and the biotic uptake and transport of contamination 
from groundwater and surface water. Potential exposure pathways from the transport of 
contamination in surface water include the above pathways plus the ingestion of 
contaminated fish. 

8b. Exposure scenarios from the transport of contamination in water consider the use of 
groundwater and surface water consistent with local and regional practices. Exposure 
scenarios considered include drinking water, crop irrigation and livestock watering; the 
ingestion of dairy products, livestock, fish, crops, and soil, the inhalation of resuspended 
soil particles, and external exposure. 

8c. The perfonnance assessment includes consideration of exposure pathways from the 
transport of contamination in the atmosphere including potential exposure from 
immersion in air contaminated with volatile and nonvolatile radionuclides, deposition of 
volatile and nonvolatile radionuclides, and subsequent exposure from direct radiation, 
ingestion, and resuspension. 

8d. Exposure scenarios trom the transport of contamination in air consider residential and 
agricultural/gardening activities which include the direct inhalation of volatile and 
nonvolatile radionuclides, external exposure, ingestion of crops, soil, livestock, dairy 
products, and fish, and inhalation of resuspended soil particles. 

Se. The dose analysis for exposures to radionuclides identifies the transfer coeftlcients 
between media and justi fies the parameters used in the analysis with supporting data or 
references to literature. 

8f For the pathways evaluated, the dose analysis specifies the consumption rates of 
radioactively contaminated matelials, the inhalation rates of contaminated materials, and 
the external exposure rates and conditions for radioactive materials. These parameters 
are justified using references to literature or site-specific investigations. 

8g. The performance assessment identifies and justifies the dose conversion factors and 
methodology used in the dose analysis. 
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Discussion: It is expected that the dose analysis for compliance with the 1993 version of the 
regulation will use current Federal government-approved dose methodology and dose 
coefficients) (dose conversion factors). 

3.2.3.9 Criterion 9 

The perf(mnance assessment provides a clear and comprehensive description of the 
mathematical models used in the analysis, the basis for their selection, and the linkage from one 
model to the next. The mathematical models selected are justified and provide a reasonable 
representation of the technically important mechanisms identified in the conceptual model. The 
performance assessment provides a coherent presentation of the relevant descriptive infonnation 
concerning the site, the disposal units, and waste characteristics that are rd1ccted in the 
conceptual model, and the selection of the mathematical models used to represent them in the 
analysis. 

9a. The complexity of the mathematical models selected is commensurate with the available 
site data and assumptions incorporated into the mathematical models are identified, 
justified, and consistent with the conceptual model. The calculations used in models and 
analytical solutions are clearly presented with sufficient detail to allow traceability and 
duplication of the results. 

9b. Mathematical models incorporate equations and boundary conditions which reasonably 
represent the mathematical fonnulation of the conceptual models. Numerical models 
used in the assessments should provide stable solutions for a realistic range of model and 
parameter assumptions. 

9c. Probability distributions of parameter inputs, if used, are documented, are consistent with 
the conceptual models, and are justified by reference to available data, relevant studies, 
and/or supporting analyses. 

9d. Deterministic analyses use parameter values that are reasonable representations which are 
unlikely to underestimate doses and are justified by reference to available data, relevant 
studies. and/or supporting analyses. 

ge. Mathematical models selected are documented and verified and the verification presented 
or referenced. 

3.2.3.10 Criterion 10 

Thc performance assessment presents infonnation demonstrating that the computer eodes 
accurately implement the numerical models, (i.e., the computer codes arc free of coding errors 
and produce stable solutions). The distributions and values that represent input parameters used 
in the computer codes arc derived from field data from the site and facility, laboratory data 

, DOE recommends the use of the dose hlctorS in federal Guidance Report # 1 ] (LPA·520 !·XX-(20) and Federal 
Guidance Report # 12 (EP i\ 402-R·93-0X I). Intemal dose hlCtorS in DOEIEII·007 t. July I9XX and external dose 
tilclors in DOEIFH '0070. J lily 19XX. are equivalent to the Federal guidance reports and may also be used. 
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interpreted for field applications, referenced literature sources, or from technical judgment that 
is applicable to the site and facility. 

lOa.	 Important and highly sensitive parameters, numerical models and model assumptions are 
adequately justified using a combination of data, field investigations, and published 
resources that are relevant to the site and facility. If there are limited or no relevant data, 
the technical basis and justification for selection of parameter values and use of modeling 
assumptions is presented. 

3.2.3.11 Criterion 11 

The perfonnance assessment presents technically defensible sensitivity and uncertainty analysis 
of parameters, scenarios and models results included in the performance assessment. 

II a.	 The sensitivity analyses included in the performance assessment use acceptable methods 
for identifying sensitive parameters, models and scenarios that affect the uncertainty in 
the perfonnance assessment. The sensitivity analysis methods should he traceable and 
documented. 

11 b.	 The uncertainty in the model assumptions, parameter values, mathematical and 
conceptual models should be analyzed quantitatively or qualitatively to the extent 
necessary to justify a conclusion of reasonable expectation of meeting the requirements 
of 40 CFR 191.1 s. Methods used in the uncertainty analysis should be traceable and 
documented. 

Discussion: See the discussion of sensitivity and uncertainty analyses for Criterion 9 of the 
containment requirements. 

3.2.3.12 Criterion 12 

The performance assessment presents valid conclusions demonstrating the analysis of estimated 
doses to an individual meets the individual protection requirement of 40 CFR 191.15 f{)r the 
period of compliance. These estimates can use either detenninistic or probabilistic 
methodologies. 

For detenninistic analyses 

12a.	 The performance assessment clear] y presents the results of the individual protection 
analysis and the associated sensitivity and uncel1ainty of the dose estimates. 
Assumptions and parameters of the deterministic analysis should result in acceptable 
overestimates of the doses. 

For probabilistic analvses 

12b.	 The perftllll1anCe assessment uses PDFs f()r the key components of the model 
assumptions and parameters and properly capture the uncertainty of the dose estimates. 
Compliance should be based on the mean or the median distribution of the results, 
whichever is higher. 
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12c.	 The perfonnance assessment results are based on a sufficient number of model 
realizations to provide confidence in the convergence and stability of the percentile 
values used to establish compliance. 

For deterministic or probabilistic analyses 

12d.	 The performance assessment inc! udes results that allow realistic comparisons to the dose 
limits, and these results are incorporated into any necessary limitations on facility design, 
operating procedures, waste acceptance criteria, or closure plans. 

12e.	 Even though this is not an explicit requirement of 40 CFR 191, for consistency with DOE 
M 435.1-1, the conclusions of thc performance assessment address and incorporate 
constraints included in Federal, state, and local statutes, regulations or agreements that 
impact the site design, facility design, or facility operations. There is reasonable 
expectation that these constraints and impacts are appropriately addressed in the 
performance assessment. 

3.2.3.13 Criterion 13 

The performance assessment discusses the quality assurance measures applied to the preparation 
of the analysis and its documentation. 

13a.	 Reference is made to the site- or facility- specific quality assurance program or program 
plan followed in development and execution of the perf<:mnance assessment data 
collection and/or analysis, and specific references are included to quality assurance 
audits, surveillances, or monitoring of the pertonnance assessment data collection and 
analysis activities, as appropriate. 

13b.	 Infonnation is provided that shows DOE 0 414.4A, Qualizv Assurance, and DOE 0 
200.1, In/ormation Management Program, were specifically followed in development 
and/or implementation of the software used in the analysis and its documentation. The 
infonnation includes how the quality assurance measures discussed in DOE G 200.l-a, 
Software Engineering MethodoloFY, or an equivalent has been uscd to develop and/or 
implement the software used in the analysis. 

13c.	 Quality assurance measures are applied specifically to the data collection and analysis for 
the final iterations of the perfonnance assessment that are included as the basis for 
demonstrating compliance with the perfonnance measures or which are used for drawing 
conclusions about the performance of the facil ity. 

3.2.4	 Groundwater Protection Requirements of 40 CFR 191.16/24 

The 40 eFR Part 191 regulations include a section that establishes groundwater protection 
requirements for disposal oftransuranic waste. The groundwater protection requirements specify 
that thcre must be a reasonable cxpcctation that radioactivc releases from thc undisturbcd 
performancc of the transuranic waste disposal system will not exceed spccified concentration 
limits or cause doscs to membcrs of the public to exceed specified limits during the time of 
compliance. The term "undisturbed perfonnancc" means that the disposal system is not 
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disrupted by human intrusion or unlikely natural events. The groundwater protection 
methodologies may be either detenninistic or probabilistic. For probabilistic analysis, 
compliance should be based on the mean or the median distribution of the results, whichever is 
higher. 

The groundwater protection provisions of 40 CFR 19] issued in 1985 were revised in 1993. The 
requiremcnts of the ]985 version (40 CFR 191.] 8) are applicable to disposal which occurred 
between September 19,1985, and January 19,1994. The 1993 version (40 CFR 191.24) is 
applicable to disposal which occurred after January 19, 1994. DOE has decided that, as a matter 
of policy, facilities demonstrating compliance with the 1985 provisions should also include an 
analysis in the PA that compares pert<.mnance to the 1993 groundwater requirements of 40 CFR 
191.24, Disposal Standards. Such an analysis would not be for purposes of regulatory 
compliance, but only for information and comparison. To date, no DOE disposals other than the 
previously reviewed Greater Confinement Disposal Boreholes at NTS have been identified as 
being subject to the 1985 version of the rule. Thus, to sh011en and simplify this manual, 
discussion of compliance with the 1985 version has been removed. If sites are identified which 
are subject to the] 985 version, thcy may either show compliance with the] 985 version using 
the guidance in Revision I of this manual, while including an analysis tor purposes of 
comparison of the 1993 requirements, or choose to demonstrate compliance with the more 
stringent 1993 groundwater requirements of 40 CFR ] 91.24, Disposal Standards. 

The tollowing acceptancc criteria provide the basis for identifying questions to be addressed and 
requests for additional intormation concerning the disposal of transuranic waste. 

3.2.4.1	 Criterion 1 

The pcrfonnance assessment provides information and discussion to justify a detcnnination of 
whether the groundwater that could be impacted by the disposal of transuranic waste is subject to 
the requirements of 40 CFR 191 and applicable statc regulations. 

1a.	 The performance assessment presents a detennination and justi fication as to whether the 
groundwater in the accessible environment that is potentially impacted by the disposal of 
transuranic waste is an "underground source of drinking water"' as defined in 40 CFR 
191.22. 

J)iscussion: If the pcrt<.mnance assessment rcp011s that thc groundwater does not meet the 
definition of an "underground source of drinking watcr" and the review team concurs with the 
detern1ination, no additional review related to this tinding is necessary. If the groundwater is 
determined to be an "underground source of drinking water." then the following criteria should 
guide the balance of the review. 

3.2.4.2 Criterion 2 

Detclllline whether the disposal system is above or within a fonnation which is within one
quarter mile of an underground source of drinking water. If so. the ground water protection 
standards do not apply to as indicated at 40 CFR 191.24(a) (2). 
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3.2.4.3	 Criterion 3 

The performance assessment identifies the radionuclidcs in the waste and specifies the 
inventories of radionuclides potentially significant to the groundwater protection requirement. A 
logical basis for how the radionuc I ides will be represented in the analysis is explained and 
j usti fi ed. 

3a. If probability distribution functions (PDFs) are used to represent the radionuclide 
inventories, the basis for assigning the distribution form (e.g., unitonn, nonnal, 
triangular) is documented and justified. If single values are used to represent the 
inventories of radionuclides, the basis for selecting the values is described and 
justification provided how the single values are unlikely to underestimate the inventory 
and inventory uncertainty. 

Discussion: The radionuelide inventOlies used for the containment analysis, individual protection 
analysis, and groundwater protection analysis should be consistent but are not necessarily the 
same inventories as specified in the requirements of 40 CFR 191. For the groundwater 
protection analysis (for the 1993 version of the regulation), the radionuclide inventory includes 
any radioactivity in the groundwater regardless of source (including background radiation). 

3b.	 All of the radionuelides disposed and anticipated to be present in wastes to be disposed of 
arc evaluated in the perf0n11anCe assessment. Radionuc Iides screened from detailed 
analysis are identified, and the bases for these conclusions arc supported and defensible. 

3c.	 The basis for estimating the radionuclide inventories of are described and, to the extent 
practical, are based on a combination of past waste disposal records, a reasonable 
expectation of actual waste content that is based on knowledge of the processes that 
generated the waste, calculations, sampling data, technical studies, and reasonable 
projections of future waste disposals. 

3.2.4.4 Criterion 4 

The performance assessment clearly identifies and describes the basis tor the pert0n11anCe 
measures that are used to evaluate compliance with the groundwater protection requirements of 
40 CFR 191.24. 

Discussion: The limits are specitied in 40 CFR 141 as they existed on January 19, 1994 (see 
Appendix H). Modifications may be necessary to comply with applicable state regulations. 

4a.	 Concentration limits are established for radium and gross alpha activity consistent with 
40 CFR 14 J (January 19, 1994). 

4b.	 The concentration limits established above include all sources including the contribution 
from natural background. 

4c.	 A dose limit is established for beta particle and photon activity consistent with 40 CFR 
141 (January 19,1994). 
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3.2.4.5 Criterion 5 

The perfonnance assessment analysis covers a sufficient time interval to support a reasonable 
expectation of meeting the concentration and dose limits for the time of compliance. 

Sa.	 The perfoll11ance assessment evaluates compliance versus the concentration and dose 
limits for 10,000 years following disposal.. 

5b.	 Even though this is not an explicit requirement of 40 CFR 191, for consistency with DOE 
M 435.1-1, the perfonnance assessment presents analyses for a sufficient period of time 
beyond the time of compliance and justifies the time period used. This extended analysis 
should support an assessment as to whether or not there is a reasonable expectation of 
compliance during and beyond the compliance period. The main purpose of such an 
analysis is to demonstrate that reasonable variations of assumptions or parameter values 
are not likely to affect compliance by shifting releases that otherwise would be beyond 
the end of the compliance period back within the compliance period. The conditions (e.g., 
frequency of events) developed for the period of compliance should not be expanded for 
the longer assessment times. 

3.2.4.6 Criterion 6 

The perfonnanee assessment identifies the point of assessment and justifies its selection (see 
Figure 3.2 and Figure 3.3). The point of assessment is the location at which compliance with the 
groundwater protection requirement is evaluated. 

6a.	 The point of assessment is the point in the "accessible environment"" where the projected 
radionuclide concentration in drinking water from an underground source of drinking 
water or the projected dose to an individual consuming such water is highest. 

6b.	 The "accessible environment"" is the atmosphere, land surface, surface waters and oceans, 
and the lithosphere outside of the "controlled area" where the "controlled area" 

has a boundary that is no more than 5 kilometers from the edge of the disposed waste, 

is an area of no more than I00 square kilometers that is identified or will be identified 
by passive institutional controls, and 

includes the lithosphere underlying the above-defined surface location. 

6c.	 The point of assessment is in a location that is consistent with future land use plans. This 
means that the boundary at the em1h' s surface that defines the "controlled area" is 
coincident with or within the future site boundary that DOE intends to control (e.g., a 
boundary defined in accordance with its land use or long-tenn stewardship plan). See 
related discussion in Section 3.2.1, Criterion 3. 
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3.2.4.7 Criterion 7 

The perfonnance assessment accounts for all relevant mechanisms for releasing radionuclides 
from the waste and making them available for environmental transport, including diffusion, 
advection, and vapor phase transport. The mechanisms analyzed are justified by reference to 
relevant studies, available data, and supporting analyses. 

7a.	 The performance assessment accounts for the physical and chemical characteristics of the 
waste and disposal system that affect release. 

3.2.4.8 Criterion 8 

The perf(mnance assessment presents infonnation on the environment and the disposal units 
suffieient to support the analysis presented in the perf(mnanee assessment and justifies the 
information by referenee to relevant studies, available data, or supporting analyses. 

8a. Sufficient information is provided in the performanee assessment on the natural barrier 
system including, but not limited to, site geography, demography, current and future land 
use plans, meteorology, ecology, geology, seismology, volcanology, surface water and 
groundwater hydrology, geochemistry, geologic resources, water resources, and natural 
background radiation to SUpp0l1 the analysis, and justifies the infonnation. 

8b. The performance assessment presents information on the engineered barTier system 
including, but not limited to, facility design features that address water infiltration, 
disposal unit cover integrity, and structural stability in detail sufficient to support the 
analysis, and justifies the infonnation. 

8c. The perfonnance assessment presents infonnation on the facility operational controls 
derived from facility-specific documentation (e.g., operating procedures, safety analysis 
reports, waste acceptance criteria) that impact the facility design, engineering, and facility 
operations and are significant in the performance assessment analysis. 

3.2.4.9 Criterion 9 

The perfonnance assessment provides a clear and comprehensive description of the conceptual 
model of the site and processes associated with the release and transport of radionuclides from 
the waste materials to the accessible environment. The conceptual model is justified through 
reference to investigations, studies, data, evaluations, and supp0l1ing analyses that are 
representative of the site-specific conditions described. 

9a.	 The conceptual model incorporates interpretations of available geochemical, geologic, 
meteorologic and hydrologic data, and the relevant mechanisms that have a significant 
dTect on the transport of radionuclides at the disposal site. The conceptual model 
inc!udes natural processes that affect the transport of radionucl ides (e.g., flooding, mass 
wasting, erosion, weathering) over the time period considered in the analysis, as justified 
based on referenced investigations and supp0l1ing analysis. 
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9b. The conceptual model for the source term, groundwater flow, and radionuclide transport 
includes parameters for unsaturated and saturated flow, total and effective porosity, 
hydraulic conductivity, water retention, relative penneability relationships, volumetric 
water content, retardation, and diffusion that are based on data, related investigations, and 
documented references relevant to the site and disposal system. 

9c. The conceptual model incorporates interpretations of chemical, hydrologic, mechanical, 
and thennodynamic data and relevant mechanisms of the engineered features of the 
closed facility that have a significant effect on the release and transport of radionuclides. 
The conceptual model includes reasonable representations of the degradation of 
engineered features over the time period considered in the analysis. Performance 
attrihuted to engineered features and degradation of performance are justified. 

9d. Natural features, events, and processes are identified. Categories of event or processes 
need not he considered if they have a low probahility of occurrence using the criteria 
established in Appendix C to Part 19] (less than one chance in 10,000 of occurring over 
10,000 years). 

ge. Assumptions incorporated into the conceptual model to account for transport mechanisms 
lacking sufficient data or suppOJ1ing analyses are identified and justified as reasonable 
representations of site behavior over the time period considered in the analysis. 

3.2.4.10 Cdterion 10 

The perfonnance assessment provides a complete description of the groundwater exposure 
pathways and scenarios used in the evaluation of the potential doses to a hypothetical member of 
the public consistent with site-specific environmental conditions and local and regional practices. 
The exposure pathway and scenario are justified as reasonable representations which are unlikely 
to lead to underestimating doses for the long-term. 

lOa.	 The pertonnance assessment includes an exposure pathway trom the transport of 
contamination in groundwater including potential exposures f1'om the ingestion of 
contaminated groundwater. 

]Ob.	 Exposure scenario from the transport of contamination in water involves drinking water 
at a rate of21iters per day as specified in 40 CFR 141, January 19, ]994. 

10c.	 The dose analysis for exposures to radionuclides identifies the transfer coefficients 
between media and justifies the parameters used in the analysis with supporting data or 
references to literature. 

]Od.	 The perfonmmce assessment identifies and justifies the dose conversion factors and 
methodology used in the dose analysis. 

3.2.4.11 Cdterion 11 

The perfollllance assessment provides a clear and comprehensive desCliption of the 
mathematical models used in the analysis, the basis for their selection, and the linkage from one 
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model to the next. The mathematical models selected are justified and provide a reasonable 
representation of the technically important mechanisms identified in the conceptual model. The 
performance assessment provides a coherent presentation of the relevant descriptive information 
concerning the site, the disposal units, and waste characteristics that are reflected in the 
conceptual model, and the selection of the mathematical models used to represent them in the 

analysis. 

II a. The complexity of the mathematical models selected is commensurate with the available 
site data and assumptions incorporated into the mathematical models arc identified, 
justified, and consistent with the conceptual model. The calculations used in models and 
analytical solutions are clearly presented with sufficient detail to allow traceability and 
duplication of the results. 

I Ib. Mathematical models incorporate equations and boundary conditions which rcasonably 
represent the mathematical formulation of the conceptual models. Numerical models used 
in the assessments should provide stable solutions for a realistic range of model and 
parameter assumptions. 

I Ic. Probability distributions of parameter inputs, if used, are documented, are consistent with 
the conceptual models, and are justified by reference to available data, relevant studies, 
and/or supporting analyses. 

I Id. Deterministic analyses use parameter values that are reasonable representations and are 
justified by reference to available data, relevant studies, and/or supporting analyses. 

I Ie. Mathematical models selected are documented and verified and the verification presented 
or referenced. 

3.2.4.12 Criterion 12 

The perfom1ance assessment presents information demonstrating that the computer codes 
accurately implcment the numerical models (i.e., the computer codes are free of coding errors 
and produce stable solutions). Thc distributions and values that represent input parameters used 
in the computer codes are deli ved from field data from the site and facility, laboratory data 
interpreted for field applications, referenced literature sources, or from technical judgment that is 
applicable to the site and facility. 

12a.	 Important and highly sensitive parameters, numerical models and model assumptions are 
adequately justified using a combination of data, field investigations, and published 
resources that are relevant to the site and facility. If there are limited or no relevant data. 
the technical basis and j usti fication f()r selection of parameter val ues and use of modeling 
assumptions is presented. 

3.2.4.13 Criterion 13 

Thc perfonnance assessment presents a technically defensible sensitivity and uncertainty 
analysis of the parameters. models, and scenarios included in the performance assessment. 
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13a. The sensitivity analysis included in the perfonnance assessment use acceptable methods 
for identifying sensitive parameters, models and scenarios that affect the uncertainty in 
the perfonnance assessment. The sensitivity analysis methods should be traceable and 
documented. 

13b. The uncertainty in model assumptions, parameter values, mathematical and conceptual 
models should be analyzed quantitatively or qualitatively to the extent necessary to 
justify a conclusion of reasonable expectation of meeting the requirements of 40 CFR 
191.16/24. Methods used in the uncertainty analysis should be traceable and documented. 

Disc/lssion: See the discussion of sensitivity and uncertainty analyses for CIiterion 9 of the 
containment requirements. 

3.2.4.14 Criterion 14 

The perfon11ance assessment presents valid conclusions that demonstrate that the groundwater 
protection requirement of 40 CFR 191.24 will be met for the period of compliance. These 
estimates can use either detenninistic or probabilistic methodologies. 

For detenninistic Analyses 

14a.	 The perfonnance assessment clearly presents the results of the individual protection 
analysis and the sensitivity and uncertainty of the dose estimates. Assumptions and 
parameters of the deterministic analysis should result in acceptable overestimation of the 
doses. 

For probabilistic analysis 

14b.	 The perfonnance assessment uses PDFs for the key components of the model assumption 
sand parameters and properly captures the uncertainty of the dose estimates. Compliance 
can be based on the mean or median distribution of the results, whichever is higher. 

14c.	 The perfonnance assessment results are based on a suftlcient number of model 
realizations to provide confidence in the convergence and stability of the percentile 
values used to establish compliance. 

For detenninistic or probabilistic analyses 

14d.	 The performance assessment includes results that allow realistic comparisons to the dose 
limits and these results are incorporated into any necessary limitations on facility design, 
operating procedures, waste acceptance criteria, or closure plans 

14e.	 Even though this is not an explicit requiremcnt of 40 CFR 191, for consistence with OOF 
M 435.1-1, thc conclusions of the perfonnance assessment address and incorporate 
constraints included in federal, state and local statutes, regulations, or agreements that 
impact the site design, facility design, or facility operations. There is reasonable 
expectation that these constraints and impacts are appropriately addressed in the 
perfonnancc assessment. 
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3.2.4.15 Criterion 15 

The performance assessment discusses the quality assurance measures applied to the preparation 
of the analysis and its documentation. 

ISa. Reference is made to the site- or facility- specific quality assurance program or program 
plan followed in development and execution of the perfonnance assessment data 
collection and/or analysis, and specific references are included to quality assurance 
audits, surveillances, or monitoring of the performance assessment data collection and 
analysis activities, as appropriate. 

ISb. Infonnation is provided that shows DOE 0 414.4A, Quali(v Assurance, and DOE 0 
200.1, In/ormation Management Program, were specifically followed in development 
and/or implementation of the software used in the analysis and its documentation. The 
infonnation includes how the quality assurance measures discussed in DOE G 200.I-a, 
S~/tv.·{[re Engineering Methodology, or an equivalent has been used to develop and/or 
implement the software used in the analysis. 

ISc. Quality assurance measures are applied specifically to the data collection and analysis for 
the final iterations of the performance assessment that are included as the basis for demonstrating 
compliance with the perf<.mnance measures or which are used for drawing conclusions about the 
perfom1ance of the facility. 

3.3	 CA Review Criteria 

3.3.1	 Site and Facility Characteristics 

3.3.1.1 The CA provides a coherent presentation of the relevant descriptive infom1ation 
conceming the disposal site, its location on the DOE site, and its proximity to other 
sources of radioactive material. The sources of radioactive material are described 
including relevant features that could influence radionuclide release and migration. 

3.3.2.	 Radioactive Sources/Release Mechanism 

3.3.2.1 The CA identifies all sources of radioactive material in the ground that could contribute 
to the potential future doses from the LLW disposal facility. Sources selected for the CA 
and the reasons for excluding any source are justified. Potential sources of radioactive 
material to be considered include wastes disposed of prior to 1988, other LLW disposal 
facilities, transuranic waste or alpha LLW disposal, buildings, tanks, cribs, spills, ditches, 
seepage basins, and leaks. 

3.3.2.2 The CA identifies and quantifies all radionuclides present in the	 LLW disposal facility 
and all other contributing sources of radioactive material that could contribute 
significantly to the total potential dose. Inventory estimates included in the analysis arc 
justified. The estimates of radionuclide species and inventories in the sources selected 
for consitkration are derived from referenced documentation or data summaries 
presented in the CA and arc based on existing records, process knowledge, or site 
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investigations (e.g., Remedial Investigations, Feasibility Studies). Any radionuclides that 
are screened from the analysis are identified and their exclusion justified as being 
insignificant contributors to the total dose estimated in the analysis. 

3.3.2.3 The known physical and chemical characteristics of the radioactive materials considered 
in the CA, the site characteristics, and the effects of the Comprehensive Environmental 
Responses, Compensation, and Liability Act (CERCLA) actions prescribed in the Record 
of Decisions (RODs) or similar binding agreements such as those associated with 
Decontamination and Decommissioning (D&D), are included in the generation of the 
source tenns and the transport of the radionuclides. Extrapolations are made and justified 
from known data to estimate radionuclides and inventories where clear infi.mnation does 
not exist. 

3.3.2.4 Source tenns and flow and transport models in the CA are commensurate with the 
available data consistent with the PA, incorporate the important characteristics identified 
in the PA, and provide outputs consistent with the PA. 

3.3.3 Performance Measures 

3.3.3.1 The CA presents an assessment using the time of 1,000 years for exposures to 
hypothetical members of the public with all disposal facilities closed, D&D completed, 
and operations at the DOE site tenninated. The assessment establishes a realistic case for 
comparison with the dose constraint (30 mrem/yr) and dose limit (100 mrem/yr). 

3.3.4 Point of Assessment 

3.3.4.1 The point of assessment is the publicly accessible point of maximum impact reasonably 
expected for future members of the public for the time period of assessment. The point 
of assessment is justified and is supported by land use plans or reasonable assumptions 
that are justified. 

3.3.4.2 Changes in the point of assessment as a function of time are justified. 

3.3.5 Assumptions 

3.3.5.1 Assumptions incorporated into the analysis, including those related to the radionuclides 
to be considered, the inventories of radionuclides, the source term evaluation and the 
transport of radionuclides, are identified, justified, and consistent with the conceptual 
model of site behavior presented in the PA conducted on the LLW disposal facility. 

3.3.5.2 The CA identities results, objectives, constraints, or milestones of other DOE programs, 
Federal, state, or local statutes, or agreements (e.g., D&D programs, Formerly Utilized 
Sites Remedial Action Program (FUSRAP), CERCLA RODs) that may impact the 
analysis or conclusions of the CA. 
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3.3.6	 Modeling 

3.3.6.1	 The CA presents a reasonable methodology for estimating the transport of radionuclides 
to the point of assessment from all sources based on and consistent with the available site 
data 

3.3.6.2 Analytical and numerical models selected are documented and verified either in
 
referenced publications or in the appendices of the CA.
 

3.3.6.3 Any analytical and numerical models used in the CA for analyzing the transport of 
radionuclides to the point of assessment are appropriate f()r the LLW disposal facility and 
all other contributing sources. The models used in the CA provide calculated results that 
are representative of the results calculated in the PA for similar wastes in similar disposal 
facilities. 

3.3.6.4 Credits for CERCLA/Resource Conservation & Recovery Act of 1976 (RCRA) actions 
or other actions (e.g., 0&0, tank closures) are represented in the conceptual models used 
in the CA, and are justified by supporting or referenced documentation. 

3.3.6.5 The input data to the models are based on field data from the site, laboratory data 
interpreted for field applications, referenced literature sources which are applicable to the 
site, or related analyses perfonned for the PA. Any assumptions used to fonnulate input 
data are justified and have a defensible technical basis. 

3.3.6.6 Intermediate calculations are perfonned, and the results are presented to demonstrate the 
CA calculations are representative of the site and are consistent with results presented in 
the PA for similar situations. 

3.3.6.7 The conceptual model used for the CA is consistent with the representation of the 
conceptual model used in the PA, and includes the major mechanisms affecting the 
transport of radionuclides at the DOE site. The components of the conceptual model for 
the CA are reasonably represented in the analysis of the LLW disposal facility and other 
contributing sources. 

3.3.7	 Exposure Pathways and Dose Analysis 

3.3.7.1	 The CA provides a complete discussion of all important exposure pathways for the 
evaluation of potential doses to a hypothetical, individual member of the public at the 
point of exposure fiJr any time during the period of assessment. The exposure pathways 
identified in the CA should be consistent with the exposure pathways in the PA. The 
exposure pathways considered in the CA include only those pathways that are related to 
the exposure of individual members of the public at the point of assessment and are 
justi tied. 

3.3.7.2	 The dose analysis perfonned f()r the CA is consistent with that pertormed for the PA for 
similar exposure pathways and similar exposure scenarios. 
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3.3.8 Sensitivity/Uncertainty 

3.3.8.1 The sensitivity and uncertainty analysis considers factors such as alternative land use 
plans, CERCLA/RCRA actions or other actions (e.g., D&D, tank closures), 
radionuc1ide inventories, site and facility characteristics. and transpOli parameters to 
provide reasonable estimates of potential doses at the point of assessment for the period 
of the assessment. The maximum projected dose over the period of the assessment (at 
least I ,000 years) is presented at the point of assessment. 

3.3.8.2 The calculated results and the sensitivity or uncertainty analysis results are used to 
evaluate meeting the dose constraint of 30 mrem/year and the dose limit of 100 
mrem/year at the point of assessment over the period of assessment. 

3.3.9 ALARA & Options Analysis 

3.3.9.1	 For analyses that exceed the dose constraint 01'30 mrem/ycar but arc less than the dose 
limit of 100 mrem/year, an options analysis is provided which identifies alternatives 
that could be conducted to reduce the dose to less than the dose constraint. The options 
analysis, using the ALARA process, considers alternatives which are technically 
feasible and demonstrated to be effective in reducing doses to the public at the point of 
assessment over the period of the assessment. 

3.3.9.2	 For analyses that exceed the dose limit of 100 mrem/year, an options analysis, using the 
ALARA process, is provided which identifies alternatives that should be conducted to 
reduce the dose to less than the limit. The options analysis, using the ALARA process, 
considers alternatives which are technically feasible and demonstrated to be effective in 
reducing doses to the public at the point of assessment over the period of the 
assessment. 

3.3.9.3	 The ALARA process uses a cost-benefit analysis based on the cost of dose-reduction in 
accordance with DOE 0 5400.5. 

3.3.1 () Results Integration 

3.3.10. I	 The results of the analysis for the source terms and transport of radionuclides, dose 
analysis, available site monitoring data, supporting field investigations, sensitivity or 
uncertainty analysis and options analysis are reasonable representations of the existing 
knowledge of the site, disposal facility, and contributing sources. 

3.3.10.2	 The analysis, results, and conclusions of the CA provide a reasonable representation of 
the disposal f~lcility and other contributing sourccs for detcnnining the appropriate 
actions to he taken for the protection ofpuhlie health and environment. The analysis 
and results of the CA arc consistent with comparable results of the PA and provide a 
defensible and complete basis for an acceptable decision by DOE. 

3.3.] 0.3	 The conclusions of the CA address and incorporate any constraints resulting from other 
DOE programs or from any Federal. state, and local statutes or regulations or 
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agreements that would influence the calculated results or the options analysis. 

3.3.10.4 Implementation of the conclusions from the options analysis can be reasonably 
accomplished at the disposal facility or the other contributing sources. 

3.3.11 QA 

3.3.11.1	 The CA discusses QA measures applied to the preparation of the analysis and its 
documentation. The CA includes appendices or references to published documents that 
provide a basis for the discussions in the CA. 

4. DISPOSAL AUTHORIZATION STATEMENT 

4.1 Introduction 

4.1.1 Purpose 

The DOE radioactive waste management order, DOE 0 435.1, imposes a requirement that 
operating disposal facilities fix LLWand for mixed LlW obtain a Disposal Authorization 
Statement. Facilities managed under the CERClA may use an approved ROD as their Disposal 
Authorization Statement, provided that the requirements of DOE 0435.1 have been incorporated 
and met, as appropriate. Prior DOE policy and guidance also imposed similar conditions on 
operation of existing disposal facilities. This chapter describes the purpose, content, review and 
approval process, and references relevant to Disposal Authorization Statement and CERCLA 
RODs used as Disposal Authorization Statements. For the remainder of this section, when the 
telm LLW is used, it is intended to include mixed lLW as well. 

4.1.2 Disposal Authorization Requirement 

The requirement that a Disposal Authorization Statement be obtained for lLW disposal was 
introduced in the DOE Implementation Plan prepared in response to Defense Nuclear Facilities 
Safety Board (DNFSB) Recommendation 94-2. It states that the PA and CA will be the basis for 
preparation of a Disposal Authorization Statement (p. VII-3). The requirement in DOE M 435.1
1 also specifies that three additional facility documents be considered in approving a Disposal 
Authorization Statement: (I) the PA and CA Maintenance Plan; (2) Preliminary Closure Plan; 
:md (3) the Preliminary Monitoring Plan. A key element of the Implementation Plan was to 
allow substitution of the CERCLA process for satisfaction of the substantive requirements of 
DOE radioactive waste management orders. DOE 0435.1 incorporates this altemative approach 
j()r facilities managed under the provisions ofCERCLA. 

4.1.3 Applicability 

The requirement to obtain a Disposal Authorization Statement is applicable to facilities that 
dispose of LLW and mixed LLW. Only facilities that are in operation or will operate in the 
future arc subject to the Disposal Authorization Statement requirement. Disposal facilities that 
are planned must obtain a Disposal Authorization Statement prior to construction. If the PAICA 
arc revised, the Disposal Authorization Statement must be reviewed for possible revision. 
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If the facility is now used or is to be used for on-site disposal of LLW generated by on-site 
environmental restoration under CERCLA, the ROD (see section 4.1.5 for details) for the 
CERCLA clean-up can serve as the Disposal Authorization Statement. 

4.1.4 Responsibility 

The principal organizations that are responsible for designing, constructing, operating, and 
closing LLW disposal facilities are EM & NNSA. Some of the EMINNSA disposal facilities arc 
intended primarily for on-site disposal of LLW from CERCLA activities, while the other 
disposal facilities are expected to receive waste from a much broader range of generators. 

The Cognizant Deputy Assistant Secretaries t()r EM/NNSA arc responsible for approving 
Disposal Authorization Statement for each CERCLA and non-CERCLA facility at sites under 
their direction. The ROD for a CERCLA facility may be designated by the cognizant Deputy 
Assistant Secretary to additionally serve as the Disposal Authorization Statement, provided that 
the requirements of DOE 0435.1 have been incorporated and met, as appropriate. 

4.1.5 Adaptation of Disposal Authorization for CERCLA Facilities 

The DOE/NNSA recognizes that although their activities are subject to the provisions of the 
Atomic Energy Act of 1954, as amended, some DOEINNSA LLW disposal activities must also 
comply with the provisions ofCERCLA. The DOEINNSA has sought to reduce duplication of 
effort that could result from independently satisfying the requirements of both ofthese statutes 
and their implementing regulations and other requirements. The potential duplication of effort is 
addressed in DOE M 435.1-1 by allowing for demonstration of compliance with the substantive 
requirements of DOE Os using CERCLA activities. DOE M 435.1-1 specifies that a crosswalk 
identifying the CERCLA activities that satisfy the substantive DOE requirements eliminates the 
need fllr separate compliance actions. 

The guidance for this requirement includes an enumeration of three key benefits: 

•	 1t avoids duplication of effort (i.e., the CERCLA process can be used to satisfy the 
requirements of DOE 0 435.1)~ 

It eases the Environmental Protection Agency and State coneems about the overlap of 
CERCLA regulations and the Department requirements; and 

It enables the Department to better achieve its goals of ensuring managerial and financial 
control and fulfilling enforceable milestones. 

For the remainder of this chapter. the tenn Disposal Authorization Statement will be used to 
encompass the option fl)J' disposal facilities to use a CERCLA ROD to document authorization 
for disposal rather than prepare a separate Disposal Authorization Statement. 
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.........._.__._ _...•.•...  .._--------- 

4.2 Purpose of the Disposal Authorization 

4.2.1 Facility Specific Conditions 

The Disposal Authorization Statement verifies that the required radiological assessments have 
been perfonned and that they support the conclusion that the LLW disposal perfonnance 
objectives will be satisfied. It also documents limits on design, construction, operations and 
closure for the subject disposal facility. The limits and conditions are to reflect the findings and 
conclusions of the PA and the CA. Approval of a Disposal Authorization Statement is also 
based on review of three additional facility-specific documents: I) the PA and CA maintenance 
plan; 2) the preliminary closure plan; and 3) the preliminary monitoring plan. 

4.2.2 Final Approval for Disposal 

The granting of a disposal authorization is the final requirement that must be satisfIed for 
approved disposal ofDGE LLW. Preparation and approval ofa disposal authorization relies on 
the findings and conclusions of the assessments and analyses, perfonned by the LFRG and the 
LFRG Review Team, that are designed to demonstrate that a disposal facility will not threaten 
the health or safety of humans or hann the environment. 

4.3 Prerequisites to Disposal Authorization 

This section describes the actions and any tangible results of those actions that must precede 
preparation and consideration for approval of a draft DAS. 

4.3.1 Completed Documents 

Low-level waste disposal facilities managed under the requirements of DOE 0 435.1 are 
required to have the following final documents: 

I) PA and CA prepared by the disposal site; 

2) PA Review Report prepared by a Review Team appointed by the LFRG; 

3) CA Compliance Evaluation prepared by the LFRG (may be combined with Item 5); and 

4) PA and CA Maintenance Plan prepared by the disposal site. 

LLW disposal [lCilities managed under the provisions of CERCLA are required to have the 
following final documents: 

I)	 Written certification by the cognizant Field Element Manager (or his designee) that 
substantive requirements of the DOE M 435.1- I have been satisfied through the CERCLA 
process. 

2)	 A crosswalk or other written material linking specific clements ufthe CERCLA 
documentation to the substantive order requirements that they satisfy. 
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3)	 Documentation, analyses, or other information on compliance for any substantive order 
requirement for which compliance is not demonstrated through the CERCLA process. 
Included among this documentation may be a CA, provided the CERCLA analysis of 
interacting source tenns is not of sufficient scope and rigor to satisfy the DOE 0 requirement 
for a CA. 

4.3.2 Preliminary Documents 

The development of certain documents will necessitate an iterative process and final versions of 
them cannot reasonably be required as prerequisites to granting disposal authorization for new 
disposal facilities. Therefore, only preliminary versions of sueh documents must be prepared 
prior to granting disposal authorization. However, subsequent timely revision of these 
documents may be included as a condition of the approved Disposal Authorization Statement. 
The documents are the following: 

1)	 Preliminary Monitoring Plan 

2)	 Preliminary Closure Plan 

4.3.3 Reviewed Documents 

Several of the required documents listed in Section 4.3.1 above, arc products of the review of 
other documents. The reviews on which those documents arc based must be pertonned 
according to the requirements of DOE policy and orders. Guidance on the review process and 
criteria is detailed in other documentation supporting oversight of LLW disposal facilities. For 
example, the process and criteria for review of PAs and CAs are described at length in Section 2 
of this manual. 

In addition to the primary review parties, other interested and affected parties will be offered 
opportunities to review documents. Host site personnel will have a stake in reviews of all of the 
cited documents. However, the purpose of and response to the reviews by non-primary pal1ies 
will vary. For example, review and comment by the host site of the LFRG Review Team reports, 
has bealing on their factual content, but is not relevant in disputing the opinions and views 
expressed by the LFRG Review Team. 

4.3.4 Actions 

Actions that must be completed prior to drafting and submitting the disposal authorization to the 
cognizant Deputy Assistant Secretary are the following: 

1)	 Approval by the cognizant Deputy Assistant Secretary of the PA for a facility managed under 
the requirements of DOE 0435.1. 

2)	 Approval by the cognizant Deputy Assistant Secretary of the CA fl)r a facility managed 
under the requirements of DOE 0435.1. 
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3)	 Review by the cognizant Deputy Assistant Secretary of appropriate CERCLA documentation 
for a facility managed under the requirements of CERCLA. In this context, the tenn 
"appropriate CERCLA documentation" means the written materials prepared to demonstrate 
compliance with the substantive low-level disposal requirements of DOE 0.435.1. 
Specifically included in such written materials are crosswalks between CERCLA 
requirements and DOE 0 435.1 requirements which arc used as the basis for issuance of a 
disposal authorization by the cognizant Deputy Assistant Secretary. 

4)	 Approval by the cognizant Deputy Assistant Secretary of any additional material 
demonstrating compliance with substantive requirements not met through the CERCLA 
process. For example, if the CERCLA process for evaluation of interacting sources does not 
satisfy the DOE requirement for a CA, then a separate CA must be prepared and approved by 
the cognizant Deputy Assistant Secretary. 

4.4 Preparation of a Disposal Authorization Statement 

4.4.1 Drafted by the LFRG 

The disposal authorization is based on the PA and CA. Thus, it cannot be prepared until those 
documents are reviewed and approved. Three other documents that also need to be prepared and 
reviewed prior to drafting a Disposal Authorization Statement are (l) the Preliminary Monitoring 
Plan, (2) the Preliminary Closure Plan, and (3) the PA/CA Maintenance Plan. Upon completion 
of these actions, the Disposal Authorization Statement is to be prepared by the LFRG for 
consideration by the cognizant Deputy Assistant Secretary. 

4.4.2 Guidance for Draft Preparation 

The final Disposal Authorization Statement is not issued by the cognizant Deputy Assistant 
Secretary until both the PA and the CA have been approved and all conditions necessary for the 
disposal facility to follow as a result of both analyses have been determined. This could result in 
the completion of LFRG activities on some PAs in advance of those concerning the CA for the 
same facility. 

If this occurs, the LFRG should modify the process to accommodate this event. A suggested 
approach is to develop the PA Compliance Evaluation for the disposal facility, conditionally 
approving the PA and allowing operations to continue. One condition of allowing operations to 
continue would specify the time of submittal of the final CA by the site. Conditions on the 
operation of the facility, until the CA is completed, should also be considered, such as limitations 
of acceptance of radionuclides that may be potentially critical radiation dose contributors in the 
CA. 

The draft Disposal Authorization Statement should bc prepared following the completion of the 
review and approval of both the PA and the CA. In this case, documentation on the facility 
accompanying the Disposal Authorization Statement, prepared by the LFRG, could include two 
Compliance Evaluations, one ftJr the PA and one for the CA. The conditions in the draft 
Disposal Authorization Statement would be an appropriate consolidation of discussions from the 
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two Compliance Evaluations. If the PA/CA is revised, the Disposal Authorization Statement 
should be reviewed for possible revision. 

4.4.3 Disposal Authorization Contents 

Satisfaction ofPerformance Objectives 

The DAS should unambiguously identify the facility and the design that is being authorized for 
operation. For example, if the PA and its conclusions are based on the use of an engineered 
barrier (e.g., concrete vault), the disposal authorization should clearly indicate that the 
authorization is for disposal in that type of facility and variations (e.g., trench disposal) are not 
covered by the PA and the disposal authorization. 

The highest level element of the required disposal authorization is a declaration that analyses and 
documentation for the subject facility provide a reasonable expectation that the perfonnance 
objectives described in the DOE 0435. I will be satisfied. A related high level clement of the 
required authorization is a declaration that the facility will not require subsequent corrective 
action or remedial action in order to continue to satisfy the perfonnance objectives. 

Facili(v-Specijic Conditions 

Items that are to be recorded in the Disposal Authorization Statement include all conditions and 
limitations imposed on the facility in the areas of design, construction, operations, and closure, 
and on maintenance of the analysis which supports authorization of the facility. Specific 
conditions and limitations should be considered for waste acceptance and receipt, waste fonn, 
monitoring, and record keeping. Documents that must be maintained (i.e., kept up-to-date) 
include the PA, CA, Disposal Authorization Statement, monitoring plan, maintenance plan, and 
the closure plan. Specific conditions requiring the conduct of certain monitoring, testing, or 
research may be invoked if deemed necessary to confinn parameter selection or assumptions on 
facility perfOImance presented in the PA. 

Facility-specific conditions may be derived through the results ofthe PA and the CA. In 
addition to constraining the site to those limits derived from the PA and/or CA, a condition may 
be imposed that requires that additional limitations on receipt or method of disposal of certain 
radionuclides be incorporated into site operating documents. 

4.4.4 Disposal Authorization Review 

The draft Disposal Authorization Statement may be prepared by one or more members of the 
LFRG or its support staff including the Review Team leader if a Review Team was established 
to review the PA and/or CA t()J" the facility. Upon completion of the drat1. it will be submitted 
for review and comment to the LFRG members and any Review Team leaders for the fa-.:ility. 
Appropriate revisions will be perfonned and the revised draft will be submitted to the host site 
f()r review. Following incorporation of site comments, as appropriate, the tinal drat1 disposal 
authorization will be submitted to the cognizant Deputy Assistant Secretary for consideration. 
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4.4.5 Grantor of Final Approval 

The disposal authorization will be approved or disapproved by the cognizant Deputy Assistant 
Secretary. 

4.5 Maintenance Activities 

Successful maintenance of the key documents describing expected perfoll11ance of DOE LLW 
disposal facilities depends on three elements: (l) reviews and revisions of the PA and CA, (2) 
monitOling plans, (3) closure plans, (4) test and research activities related to the PA and CA, and 
(5) Annual Reviews. This section describes the requirements that support successful 
maintenance of the key documents and, in particular, the disposal authorization. 

4.5.1 Regular Compliance Reviews 

The principal source of guidance for maintenance of key documentation supporting operation of 
DOE LLW disposal facilities is the Maintenance Guide for U.S. Department of Energy Low
Level Waste Disposal Facility Perfonnance Assessments and Composite Analyses. This 
document specifies annual reviews of the continued adequacy of the PA for each LLW disposal 
facility. Any changes to the PA necessitated by the annual reviews should be evaluated to 
detennine if conforming changes to the disposal authorization are needed. A similar requirement 
for annual review of LLW disposal facility operations is included in DOE 0 435.1, and a 
condition may be added to the disposal authorization that certain reviews be perfonned on a 
schedule other than the annual schedule. 

In addition to the annual reviews, intennittent reviews may also be perfonned at the discretion of 
the LFRG or other Headquarters organizations with responsibilities for line management or 
independent oversight of LLW disposal facilities. 

4.5.2 Monitoring 

The monitoring and actual perfollnance of a disposal facility can provide data that will confirm 
or refute the expected perfollnance of a disposal facility. In addition to direct release data, 
monitoring can also provide refined parameters such as soil penneability and groundwater travel 
time required for perfonnance models. Any such refined data should be used to update the 
modeling of perfonnance and to detennine whether changes are needed in key analyses such as 
the PA and CA. Necessary changes in those documents may be accompanied by confonning 
changes in the disposal authorization (if required) and may include changes in or additions to the 
conditions included in the disposal authorization for design, construction, operations, and closure 
of the facility. 

4.5.3 Closure Plans 

Closure Plans for LLW disposal facilities will probably change over the operational life of the 
facility. Initially, a preliminary closure plan is developed with assumptions of infiltration, 
longevity, etc. As more infollnation is acquired concerning LLW disposal facility parameters 
and closure cap technology advances, the Closure Plan will need to be revised. 
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4.5.4 Research and Development 

In addition to facility-specific data-gathering and refinement, research and development in waste 
disposal facility design, construction, operations, and closure can precipitate the need for 
revision of key documentation including the Disposal Authorization Statement. 

4.5.5 Annual Reviews 

Annual reviews of LLW disposal facility performance is necessary to ensure the LLW disposal 
facility is perfonning in accordance with the perfonnance objectives delineated in DOE 0435.1. 
The annual reviews provide the LFRG reasonable assurance the facility is within the bounds of 
the DAS. The LFRG may decide, as a result of the annual review, to recommend to the 
cognizant Deputy Assistant Secretary to impose additional restrictions on facility operations 
through a modification to the Disposal Authorization Statement. 

4.6 Records Management 

The record keeping practices for LLW disposal facilities are to comply with the requirements of 
the lnfonnation Management and, QA Programs. For LLW disposal facilities managed under 
the requirements of CERCLA, the records management requirement of the CERCLA process 
will apply as well as following more specific guidance. 

4.6.1 Records Retained 

For a facility managed under DOE 0 435.1 requirements, the following are the minimum suite of 
documents that must be retained and kept up-to-date for each such facility by the LFRG. 

1) PA 
2) CA 
3) PA Review Plan 
4) CA Review Plan 
5) PA Review Report 
6) CA Review Report 
7) PA Compliance Evaluation 
8) CA Compliance Evaluation 
9) Disposal Authorization Statement 
10) PAICA Monitoring Plans 
II) Closure Plans 
12) Annual Reviews 

For a DOE LLW disposal facility managed under the provisions ofCERCLA, anv of the 
documents above that are prepared for the facility must be retained. In addition, if the facility 
record of decision serves as the written disposal authorization, it must be retained as well as the 
crosswalk or documentation that demonstrates which actions and documentation of the CERCLA 
process indicate compliance with the substantive requirements of DOE radioactive waste 
management manual 435. 1 
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CHARTER 

OFFICE OF ENVIRONJlv1ENTAL L\·1ANAGEI\1ENT LO\V-LEVEL 
\VASTE FEDERAL REVIE\V GROIJP 

I. \Iission 

The Oflicc of Environmentul I'vlanagcn1ct1( t1':'1\:1) LO\.\'-l.e\II.:1 Waste Federal Review 
Group (LF R(i) v.:as cstahl ishl'U to fulfIll the requirements contained in Section 1.2.1:( I )(a) 
of DOF ()rdcr 435.1 and exercised by the upper-level managers of the Office of 
EnvirOlll11t'ntal l'vlanagemem (Et\O. The LFRG assists upper-level Ei\i managers in the 
review of documentation related to the approval of perfonnance assessments and 
compos! tc ilnalyses or appropriate Comprehensive 1:nvi ronmcntal Response, 
Compem;.utiol1. and Liability Act (CERCLA) documentation as described in Sedion II of 
this charter. Through its efforts. the LFRG supports the issuance of Disposal 
/\uthori7atioll Statements ft1f low-level radioactive \v3s1e disposal, The LFRG also assists 
in other duties assodated '""lith low-level \vast<: (LLW) disposal Huthori7A'1tions as assigned 
hy upper-level Ey! managers. 

II.	 Objectivt's 

Through thc estahlishment and implementation of the LFRG process, the IkpartnK"1ll 
Cvalu<iks operational suitahility of DOE disposal f::u:ilities through compliance \'vith DOE 
LL\V disposal requirements. The LFRCi pn..x:ess supports th~ seJf-regulati~m 

responsibility imposed on the Department of Energy (DOE) under the Atomic Energy 
Act of 1954 as aml.'ndeJ. 

The specific objectives of the LFRG are: 

It Track the preparation and completion :;t'ltu:> of documents prcpan.:d to 
demonstrate compliance \vith [)()E LL W disposal requirements and report this 
inltJrlna!ion to upper-level Erv1 managers; 

..	 De\(~\(,p and conduct a formal review process that documents an duditable 
analysis and review of key documents and provides fl.)!· creation and maintcmmcc 
of the admillistrati\e reconl of the LFRG und its actions: 

.. Review documentation submiucd by LL\V Jisp<)s.all~lcilil) host sites and support 
the process of granting Disposal Authorimtion Statements: 

•	 Provide the cognizant tipper-level r:fvl managers with approval recommendation" 
that represent the decisions of the I, FlU1 mcmhcrship: 

•	 Prepart.' Disp(lsul ;\uthoriz:ation Statements, \\ ith condi lions when just i tied, for 
DOE 1.1 W disposal l~lci1itil's: and 

Conduct l'c\ic\vs and i:bsc:-;smenls as din:,cted hy upper-level FT\i managers and 
PW\ iJt" ll"CUlllJIll.:mJatit.Hls. 
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The kcv documents, utilized to support development and approval of Disposal 
!\uthllfi~ation Statements for DOE LL\V disposal facilities, consist of one of two 
docun1ent sets: (1) an approved performance assessment and composite analysis: or (2) 
appropriate CERCI "'\ documentation that demonslrates compliance "'''11h the substantive 
rcquircrncnts of DOE Order 435.1. Demonstration of compliance through the appropriate 
CERe LA documentation shall be summarized vvith a cross\valk that identi fies each DOE 
LL\V requirement salisfied by CFRetA. Substantive DOE LLW requirements 
unsatisfied by CERCLA arc to hl,.~ complied with separately. The LFRG is responsible for 
the determination of the adequacy of CFReLA documentation and tor dernonstrating 
compliance with DOE LLW require!ncnts. 

Based upon the rc.,'ie\\' ot' either document set, a disposal authori:wtion statement is 
prepared hy the LFR(l l()r consideration hy the cognizant upper-level EM manager. Llpon 

appnnaL the disposal authorization statement is signed by the cognizant upper-level EM 

manager. 

m. Organization 

The Co-Chairs of the LFRCi are appointed by upper-level E;v1 managers from among 
their stalls. The Co-Chairs M: responsible for establishing and maintaining LFRG 
mcml;ership and establishing operating procedures, conducting meetings. and 
communicating results of LFRG Jdibcrations to affected sites and to upper-level EM 
managers. Procedures. responsibilities. schedules, and other appropriate infoffilation f{)r 
organization and operation of the LFRG will be documented in the IJ'RG Program 
!\'fanagemcm Plan. 

\tembcrs of the I,FRG arc renuited by the Co-Chairs in consultation with upper-level 
•. [\,1 managers. The membership of the LFRG shall consist or fedeml employees from 
Ileadquarters and tield organizations. A representative from the nOI ': Oflice of 
lnvironml:nt. Safety ,md Health (Ell) s!l<lU serve on the LFRG to provide emiromm:nt. 
safety. and health tt:~chnical expertise. 1I..1embers of the LFRG are expcdcd to be 
competent in the technical e,'uJuation of the documentation to be reviewed by th... LFRG. 
to posses" expertise in policy analysis. and to hold positions that authorize them to ::let on 
l)(~half of their respective organizBtions. The members of the LFRG are responsible f(Jr 

panicipmion in the mL'Ctings or the LFRG and other activities as Jirected by the Co
Ch~lir~. C.H1tillllCd membership Oil the Ll'J{ej is (kpendent upon adequate participation 
and timely fcview of docurnentation as dC£l~nnined by the Co-Chairs. \ilembers of the 
! IRe; shall serye lint] I replaced or removt;;'u by the Co-Chairs. A review tcmn is 
eC:lublishl:d f()l" cuch specilic site review. 

" rt;;'Yicw team kader is selected by the LFRG Co-Chairs in consultation "vith the IJ RG 
[lH.:mber:- dud lIlllSt bl: a l\:.:ckraJ Cmph))l·C. The rnil..:vv tl:a!n leader s..:kcts dK' balancl..' of 
revic\" k,tlTl memhers with the concurrel1Ct' or {hI.:' Co-Cbairs. Rede\\' team memhers are 
-dcctcd hJscd on thl:ir qualifications t~)f addrl:ssing key clements of the documentation tn 
b.: rl,\,ic\\L'd. One or more of the- rn iew tl'am n1l..'mhcrs will be an U:RG member. 

Low-Level Waste Disposal Facility Federal Review Group :Hallllal 
Rl'yisioll 3, .JUIll' ZOOS X3 



1V. Quorum and Voting 

The desired quorum f(}[ deliberations by the full LFRG is a Inajority of the current 
membership (\\Dich includes the Co-Chairs). The LFRG Co-Chairs seek a consensus on 
the t1t:cisions of the I.FRO. Ultimately. dl'Cisions are approved by anjrmutive vote of a 
simple majority of the LFRG members and Co-Chairs. fvlinority reports rnay be appcmkd 
to records of LFRG decisions at the request of ~m) memher or C(l-chair. OnlyLFRG 
memhers ha\/c voting rights. These rjghts may not be delegated 10 individuals 
participating in LFRG activities as representatives of the members. 

In instances \Vhl'D a majority cannot be w.:hil:vcd, the LFRG Co-Chairs may jointly act on 
behalf of the LFRG. Decisions made solely by the Co-Chairs on behalf of the majority 
must be documented in ,"Titing and noted as having heen made hy the Co-Chairs rather 
than by majority. 

V Authorizations I 

/111a,L&tJ·L~
 
Mark W Frei 
Acting Deputy Assistant Secretary 

for Waste Management 

VI Concurrences 

la~eri~
 
LFRG Co-Chalr 

es J iore 
cting Deputy Assistant SlX:ret3I)' 
for Environmental Restoration 

L...·RG Ch1lrter, 9/1199 
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Definitions 

ACUTE EXPOSURE SCENARIOS. Acute exposure scenanos are hypothetical situations 
developed for the purpose of forecasting the radiation doses that inadvertent intruders could 
receive due to a short-term. high-intensity exposure to waste from a closed disposal facility. 

ALPHA LOW-LEVEL WASTE. Alpha low-level waste is low-level waste that contains 
transuranic radionuclides in concentrations over 10 nanocuries per gram but less than 100 
nanocuries per gram. (Waste in which the concentration of transuranic radionuclides is greater 
than 100 nanocuries per gram is generally classified as transuranic waste.)2 

CHRONIC EXPOSURE SCENARIOS. Chronic exposure scenarios are hypothetical situations 
developed for the purpose of forecasting the radiation doses that inadvertent intruders could 
receive due to long-term, relatively low exposures to waste from a closed disposal facility. 

CLOSU RE. Deactivation and stabilization of a radioactive waste facility intended for long-term 
confinement of waste. [DOE Manual 435.1] 

COGNIZANT DEPUTY ASSISTANT SECRETARY. For a low-level waste disposal facility, 
the cognizant deputy assistant secretary is the one to whom operators of the facility ultimately 
report through normal line management chains. 

COMPLIANCE EVALUATION. A compliance evaluation is a written evaluation prepared by 
the Low-Level Waste Federal Review Group to document the acceptability of a perfonnance 
assessment, a composite analysis, or both for a specific disposal facility. 

COMPOSITE ANALYSIS. An analysis that accounts for all sources ofradioactive material that 
may contribute to the long-tenn dose projected to a hypothetical member of the public from an 
active or planned low-level waste disposal facility. The analysis is a planning tool intended to 
provide a reasonable expectation that current low-level waste disposal activities will not result in 
the need for future corrective or remedial actions to ensure protection of the public and the 
environment. [DOE Manual 435.1] 

[) IS POSA L. Emplacement of waste in a manner that ensures protection of the public, workers, 
and the environment with no intent of retrieval and that requires del iberate action to regain 
access to the waste. [DOE Manual 435.1] 

DISPOSAL AUTHORIZATION STATEMENT. Documentation authorizing operation (or 
continued operation) of a low-level waste disposal facility resulting from the DOE Headquarters 
review and acceptance of the facility's performance assessment, composite analysis, and other 
information and evaluations. The disposal authorization statement constitutes approval of the 
performance assessment and composite analysis, authorizes operation of the facility, and 
includes conditions the disposal facility must meet. {DOE Manual 435.1] 
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LOW-LEVEL WASTE. Low-level radioactive waste is radioactive waste that is not high-level 
radioactive waste, spent fuel, transuranic waste, byproduct material (as defined in Section II.e(2) 
of the Atomic Energy Act of 1954, as amended), or naturally occurring radioactive material. 

[DOE Manual 435.1 ] 

LOW-LEVEL WASTE FEDERAL REVIEW GROUP. The Low-Level Waste Federal Review 
Group was chartered by the two Deputy Assistant Secretaries in the DOE Office of 
Environmental Management who have principal line management responsibility for DOE low
level waste disposal facilities. Its primary purpose is to assist those Deputy Assistant Secrctaries 
in reviewing assessments and analyses of low-level waste disposal facilities and making 
recommendations on their acceptability. 

MIXED LOW-LEVEL WASTE. Low-levcl waste that contains both source, special nuclear or 
by-product material subject to the Atomic Energv Act of 1954, as amended, and a hazardous 
component subject to the Resource Conservation and Recoverv Act. [DOE Manual 435.1] 

PA/CA REVIEW PLAN. A plan prepared to organize the review of the performance 
assessment, the composite analysis, or both for a specific disposal facility. The plan is prepared 
by the Review Team empaneled to perform the review and is approved by the Low-Level Waste 
Fcderal Review Group. 

PA/CA REVIEW REPORT. The written report of a Review Team describing the findings 
reached by the Review Team in the course of reviewing for a specific disposal facility the 
performance assessment, the composite analysis, or both. I 

PERFORMANCE ASSESSMENT. An analysis of a radioactive waste disposal facility 
conducted to demonstrate there is a reasonable expectation that pertonnance objectives 
established for the long-term protection of the public and the environment will not be exceeded 
following closure of the facility. [DOE Manual 435.1] 

POINT OF ASSESSMENT. The physical location at which monitoring and modeling for 
facility performance are to be perfonned. The default point of assessment for a low-level waste 
dIsposal facility is the outcr perimeter of a 100 meter wide butTer zone around the boundary of 
thc disposal facility. A point of compliance closer to or further from the facility boundary may 
be used but justification is rcquired. For example, thc point of compliance tor a disposal facility 
in a tract to be maintained under institutional control could be argued to be the boundary of thc 
institutional control area. 

RADIOACTIVE WASTE MANAGEMENT BASIS. The radioactive waste management 
controls applied to DOE facilities, operations, and activities to provide near- and long-ternl 
protection of public, workers, and the environment. The radioactive waste management basis 
consists of controls and analyses such as facility waste certification programs, facility waste 
acceptance requirements, low-level waste disposal t~lcility closure plans, perfornlance 
asscssments, composite analyses and other facility-specific processes, procedures, and analyses 
made to comply with DOE 0435.1 and its Manual. [DOE Manual 435.1] 

Low-Level Waste Di.\po.ml Facili(r Federal Review Group Aranulil 
Rl'yisioll 3, .J Ullt' 2008 X7 



WASTE ACCEPTANCE CRITERIA. Waste acceptance criteria are the technical and 
administrative requirements that a waste must meet in order for it to be accepted at a storage, 
treatment, or disposal facility. [DOE Manual 435.1] 

WASTE ACCEPTANCE REQUIREMENTS. Waste acceptance requirements are waste 
acceptance criteria, and all other requirements that a facility receiving radioactive waste for 
storage, treatment, or disposal must meet to receive waste (e.g., waste acceptance program 
requirements. receiving facility operations manual). [DOE Manual 435.1 ] 

WASTE DISPOSAL UN ITS. A waste disposal unit is a discrete, essentially continuous volume 
in which waste is disposed and includes near-field engineered and natural barriers that separate it 
from other near-by waste disposal units. 
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Confidentiality and Conflict of Interest Certification 

To ensure complete independence in performing the perfonnance assessment and composite 
analysis review, as applicable, each Contractor on the DOE/LFRG Review Team shall agree to 
and execute an organizational conflict of interest certification statement as given below. 

To: 

From: 

Regarding my involvement in review of the following project: 

(Name of Disposal Facility) 

I certify that I will not disclose, except pursuant to the order of a court of competent jurisdiction, 
any infomlation regarding the subject procurement either during solicitation or evaluation of 
quotations/proposals, or any subsequent time, to anyone who does not have authorized access to 
the information, and then only to the extent that such infonnation is required in connection with 
such person's official responsibilities. I also certify that: 

1.	 I shall not use "privileged infomlation" acquired through my participation in this process for 
personal gain. 

2.	 I do not have any financial interest that conflicts substantially, or even appears to do so, with 
duties associated with this process. 

3.	 Neither I, my spouse, nor my child will accept anything of monetary value from any person 
or company seeking to do business through this project review. (Even seemingly trivial 
courtesies can present the appearance of impropriety or create a subtle sense of obligation 
and must be avoided.) 

4.	 I have not participated in any activities or conversations with any parties that would give any 
potential offeror an unfair competitive advantage on this project review. 

5.	 There are no personal or professional interests, influences, or issues, that will affect my 
ability to render an impartial, unbiased, and fair evaluation and recommendations. 

Signature 

Print Name 

Date 
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Draft 5/24/06 

Qualification for Low-Level Waste 
Disposal Facility Federal Review 
Group (LFRG) Members 

u.s. Department of Energy 
Washington, D.C. 20585 
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APPROVAL 

The Low-Level Waste Disposal Facility Federal Review Group (LFRG) consists of senior 

Department of Energy representatives responsible for overseeing the low-level radioactive 

waste disposal program as delineated in DOE Order 435.1, Radioactive Waste Management. 

This Group is responsible for reviewing and approving individual site's Performance 

Assessments and Composite Analyses. They are also responsible for recommending approval 

of Disposal Authorization Statements to the appropriate Deputy Assistant Secretary. This 

qualification has been developed to ensure the individuals performing these duties are 

competent and well qualified. 

Chairman, LFRG 
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u.s. DEPARTMENT OF ENERGY
 
LFRG QUALIFICATION
 

PURPOSE 

On June 27, 1997, the Deputy Assistant Secretaries for Waste Management and Environmental 
Restoration in the Office of Environmental Management established the Low-level Waste 
Disposal Facility Federal Review Group (LLFRG) to develop and implement a review process 
for low-level radioactive waste (LLW) disposal facility Performance Assessment (PA) and 
Composite Analyses (CA). The LFRG was chartered with providing management with the 
necessary information to determine if low-level waste disposal facilities are designed, 
constructed, operated, maintained, and closed in a manner that protects the public and 
environment. The Department established the LFRG as the Department's regulatory oversight 
group for reviewing PAs and CAs. The LFRG consists of Federal employees from 
Headquarters and Field organizations. Members are selected to ensure the LFRG reflects the 
policy, technical, regulatory, and programmatic perspectives necessary to conduct effective PA 
and CA review. 

The LFRG is committed to continuously strive for technical excellence. DOE's Technical 
Qualification Program, along with the supporting Technical Qualification Standards, 
complements the LFRG Qualification. In support of this goal, the competency requirements 
defined in these qualification standards should be aligned with and integrated into the 
recruitment and staffing processes for the LFRG. 

This qualification is not intended to replace the OPM Qualifications Standards nor other 
Departmental personnel standards, rules, plans, or processes. The primary purpose of this 
qualification is to ensure that employees have the requisite technical competency to support the 
mission of the LFRG. 

APPLICABILITY 

This Qualification establishes common competency reqUirements for Department of Energy 
personnel who provide assistance, direction, guidance, oversight, or evaluation of contractor 
technical activities impacting the safe operation of DOE's low-level waste disposal facilities. 
This Qualification has been developed as a tool to assist DOE Program and Field offices in the 
development of personnel who will be assigned LFRG responsibilities as delineated in DOE 
Order 435.1. Satisfactory and documented attainment of the competency requirements 
contained in this Qualification ensures that personnel possess the requisite competence to fulfill 
their LFRG duties and responsibilities. 

IMPLEMENTATION 

The Technical Functional Area Qualification Standards identify the technical competency 
requirements for Department of Energy personnel. Although there are other competency 
requirements associated with the positions held by DOE personnel, this Qualification is limited 
to identifying the specific technical competencies for LFRG members. The competency 
statements define the expected knowledge and/or skill that an individual must meet. Each of 
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the competency statements is further explained by a listing of supporting knowledge and/or skill 
statements. The competencies listed in this Qualification are similar to competencies identified 
in the Functional Area Qualification Standards. If individuals already possess a certification for 
these competencies in a Functional Area Qualification Standard, it is not necessary for 
individuals to "re-qualify" in these competencies. 

The competencies identify a familiarity level, a working level, or an expert level of knowledge; or 
they require the individual to demonstrate the ability to perform a task or activity. These levels 
are defined as follows: 

Familiarity level is defined as basic knowledge of or exposure to the subject or process 
adequate to discuss the subject or process with individuals of greater knowledge. 

Working level is defined as the knowledge required to monitor and assess 
operations/activities, to apply standards of acceptable performance, and to reference 
appropriate materials and/or expert advice as required to ensure the safety of 
Departmental activities. 

Expert level is defined as a comprehensive, intensive knowledge of the subject or 
process sufficient to provide advice in the absence of procedural guidance. 

Demonstrate the ability is defined as the actual performance of a task or activity in 
accordance with policy, procedures, guidelines, and/or accepted industry or Department 
practices. 

Headquarters and Field elements shall establish a program and process to ensure that DOE 
personnel possess the competencies required for the LFRG position. This includes the 
competencies identified in the appropriate Technical Functional Area Qualification Standard and 
the LFRG Qualification. Documentation of the completion of the requirements of the associated 
Standard/Qualification shall be included in the employee's training and qualification record. 

Equivalencies may be granted for individual competencies based upon an objective evaluation 
of the employee's prior education, experience, and/or training. Equivalencies shall be granted 
in accordance with the policies and procedures of the program or field office. The supporting 
knowledge and/or skill statements, while not requirements, should be considered before 
granting equivalency for a competency. 

Training (formal and/or on-the-job) shall be provided to employees who do not meet the 
competencies contained in this Qualification. Training will be based upon appropriate 
supporting knowledge and/or skill statements similar to the ones listed for each of the 
competency statements. Headquarters and Field elements should use the supporting 
knowledge and/or skill statements as a basis for evaluating the content of any training courses 
used to provide individuals with the requisite knowledge and/or skill required to meet the LFRG 
Qualification competency statements. 

EVALUATION REQUIREMENTS 

Attainment of the competencies listed in this qualification should be documented by a qualifying 
official, immediate supervisor, or LFRG team member of personnel using any of the following 
methods: 
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•	 Documented evaluation of equivalencies 
•	 Written examination 
•	 Documented oral evaluation 
•	 Documented observation of performance 

CONTINUING EDUCATION, TRAINING AND PROFICIENCY 

LFRG personnel shall participate in continuing education and training as necessary to improve 
their performance and proficiency and ensure that they stay up-to-date on changing technology 
and new requirements. This may include courses and/or training provided by: 

•	 Department of Energy 
•	 Other government agencies 
•	 Outside vendors 
•	 Educational institutions 

A description of suggested learning proficiency activities, and the requirements for the 
continuing education and training program for LFRG personnel are included in Appendix A of 
this document. 

DUTIES AND RESPONSIBILITIES 

The following are the typical duties and responsibilities expected of personnel assigned to the 
LFRG: 

1.	 Develops site specific Performance Assessment (PA), Composite Analysis (CA) and 
associated documents in compliance with DOE Order 435.1 and it's associated Manual and 
Guide. 

2.	 Reviews technical data/documents associated with the development and/or implementation 
of PAiCA or associated documents. 

3.	 Reviews and implements LLW management policy, requirements and guidance. 

4.	 Evaluates LLW management programs to determine whether the program complies with 
DOE Order 435.1 and it's associated Manual and Guide. 

5.	 Appraises LLW facilities, procedures, and operations to determine their adequacy to protect 
members of the general public and the environment. 

6.	 Provides technical assistance and advice in the area of LLW management to other 
organizations and independent review groups. 

7.	 Reviews Office and/or contractor performance to identify trends indicative of LLW 
performance or compliance status. 

8.	 Reviews and comments on a wide variety of operating contractor documents such as waste 
acceptance criteria, Radioactive Waste Management Basis, etc. 
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BACKGROUND AND EXPERIENCE 

The U. S. Office of Personnel Management's Qualification Standards Handbook establishes 
minimum education, training, experience, or other relevant requirements applicable to a 
particular occupational series/grade level, as well as alternatives to meeting specified 
requirements. 

The preferred education and experience for LFRG personnel is: 

1.	 Education: 

Bachelor of Science degree in engineering or physical science from an accredited 
Institution or meet the alternative requirements specified in the Qualification Standards 
Handbook for the GS-1300, Physical Scientist and Health Physics Series; GS-800, 
General Engineer series; and the GS-400, Biological Sciences series. 

2.	 Experience: 

Industry, facility, operations, other Federal related experience that has demonstrated 
background in waste, environmental or project management. 

REQUIRED TECHNICAL COMPETENCIES 

The competencies contained in this Qualification are distinct from those competencies 
contained in the General Technical Base Qualification Standard and may be repetitive in the 
Functional Area Qualification Standard. All LFRG personnel must satisfy the competency 
requirements of the General and an appropriate Functional Area Technical Base Qualification 
Standard prior to or in parallel with the competency requirements contained in this standard. 
Each of the competency statements define the level of expected knowledge and or skill that an 
individual must posses to meet the intent of this standard. The supporting knowledge and/or 
skill statements further describe the intent of the competency statements. 

For competencies 1through 8 (Scientific and Technical Competencies), LFRG personnel must 
have at least a familiarity level in all 8 competencies and a working level knowledge of at least. 

Note:	 When regulations or Department of Energy directives or other industry standards are 
referenced in the Qualification, the most recent revision should be used. 

Scientific and Technical Qualifications 

Chemistry 

1. LFRG personnel shall demonstrate a working level knowledge of 
chemistry fundamentals. 

Supporting Knowledge and/or Skills 

a. Discuss the following types of chemical bonds: 
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• Ionic 
• Covalent 
• Metallic 

b. Discuss how elements combine to form chemical compounds. 

c. Define and discuss the following terms: 

• Mixture 

• Solvent 
• Solubility 
• Solute 

• Solution 

• Equilibrium 

• Density 

• Molarity 

• Parts per million (ppm) 

• Acid 

• Base 

• Salt 
• pH 

Statistics 

2. LFRG personnel shall demonstrate a working level knowledge of 
probability and simple statistics. 

Supporting Knowledge and/or Skills 

a. State the definition of the following statistical terms: 

• Mean 
• Variance 
• Standard deviation of the mean 
• Median 
• Mode 
• Standard deviation 
• Nonparametric 

b. Explain the structure and function of distributions. 

Calculate the mathematical mean of a given set of data. 

d. Calculate the mathematical standard deviation of the mean of a given set of data. 

e. Given the data, calculate the probability of an event. 
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f. Describe how measures of samples (i.e., measures of central tendency and variability) 
are used to estimate population parameters through statistical inference. 

g. Discuss Type I and Type II decision errors and the relationship to sampling and 
confidence levels. 

h. Discuss similarities and differences in probabilistic versus deterministic analyses. 

i. Discuss uncertainty and sensitivity analyses 

Hydrology, Geology, and Soil Science 

3. LFRG personnel shall demonstrate a working level knowledge of the 
basic principles and concepts of hydrology, geology, and soil science. 

Supporting Knowledge and/or Skills 

a. List the different soil textures (compositions) and soil structures. 

b. Define humus and explain its role in chemical reactions in the soil. 

c. Define erosion and describe the characteristics and effects of water and wind erosion. 

d. Describe the following processes and explain how water and soil interact in each: 

• Infiltration and percolation 
• Groundwater recharge 
• Runoff 
• Evapotranspiration 

e. Describe how soil characteristics, slope factors, and land cover conditions impact 
the detachment and transport processes of pollution. 

f. Discuss pollutant loading and the pollutant delivery ratio. 

g. Discuss the use of soil survey maps. 

h. Discuss the cation and anion exchange capacity of soils. 

i. Describe the hydrologic cycle. 

j. Define the following hydrologic terms and describe the relationships between them: 

• Precipitation 
• Stream flow 
• Evaporation 
• Transpiration 

• Sedimentation 

k. Define the following groundwater terms and describe the relationships between 

Low-Level Waste Di.\posal Facilit)' Federal Review Group Afal/ual 
Revision 3, .June 2008 104 



them: 

• Capillary water 
• Zone of saturation 
• Specific yield 
• Hydraulic conductivity 
• Transmissivity 
• Vadose zone 

I. Define the following surface water terms: 
• Mass curve 
• Frequency analysis 
• Watershed 

m. Discuss the composition and identification of the following types of rocks and cite 
examples of each. 

• Igneous 
• Sedimentary 
• Metamorphic 

n. Describe the geometry and properties of the following rock structures or features: 

• Folds 
• Faults 
• Structural Discontinuities 
• Residual Stress 
• Sheet Joints 
• Structural discontinuities 
• Shear strength of discontinuities 
• Residual stress 
• Sheet joints 

o. Discuss the use of geological and geotechnical maps. 

p. Describe the geologic considerations, criteria and procedures used to evaluate the 
following: 

• Relief 
• Slope stability 
• Flood plains 
• Karst terrain 

q. Discuss weathering and its significance in geotechnical engineering. 

r. Discuss tests that assess weatherability. 

s. Discuss the process for interpreting rock cores. 
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t. Describe how different soil types can affect contaminant transport. 

u. Describe the effect partition coefficients can have on contaminant transport. 

Meteorology 

4. LFRG personnel shall demonstrate a working level knowledge of the 
basic principles and concepts of meteorology. 

Supporting Knowledge and/or Skills 

a. Discuss the meteorological conditions associated with the occurrence of maximum ground
level concentrations for elevated releases of pollution. and for ground releases. 

b.	 Describe the classes of atmospheric stability in the atmospheric dispersion system 
developed by Pasquill. Gifford and Turner. 

c. Describe the role of lapse rate in determining dispersion coefficients. 

d. Describe how buildings and terrain affect the diffusion of gases. 

eDescribe the most important parameters that affect the calculation of dose from an airborne 
radioactive plume. 

f. Describe the kind of information given by a wind rose. 

Environmental Science 

5. LFRG personnel shall demonstrate a working level knowledge of the 
basic terms and concepts of environmental biology. 

Supporting Knowledge and/or Skills 

a. Define the following terms: 

•	 Ecosystem 
•	 Biota 

•	 Community 

•	 Habitat 

•	 Species 

•	 Pathways analysis 

•	 Bioaccumulation 

•	 Bioconcentration 

•	 Biotoxicity 
•	 Biodiversity 

•	 Population 

•	 Threatened & Endagered Species 
•	 Allotmetric Relationships 
•	 Dose Rate 
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•	 Radioecology 
•	 Conceptual Model 
•	 Ecological Risk Assessment 
•	 Radiation Effects to Biota 
•	 Ecological Benchmarks 

b. Define synergism and discuss our ability to quantify cause and effect relationship for multiple 
chemical and radiological stressors to biota. 

c.	 Discuss spatial and temporal considerations in evaluating chemical and radiological impacts 
to biota. 

d.	 Discuss some of the internal and external exposure pathways to biota in evaluating 
chemical and radiological stressors. 

Monitoring 

6. LFRG personnel shall demonstrate a familiarity level knowledge of 
monitoring techniques related to environmental compliance. 

Supporting Knowledge and/or Skills 

a. Describe the types of equipment used to monitor a site for the following: 

•	 Ambient air quality 
•	 Emissions 
•	 Groundwater contamination 
•	 Meteorological factors 
•	 Streams and rivers contamination 
•	 Soil and sediment contamination 
•	 Wildlife contamination 

b. Describe the requirements of the following documents as they relate to environmental 
monitoring: 

•	 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
•	 Resource Conservation and Recovery Act (RCRA) 
•	 National Environmental Policy Act (NEPA) 
•	 40 CFR 61, National Emission Standards for Hazardous Air Pollutants (NESHAP) 
•	 DOE M 435.1-1 and associated guidance document DOE G 435.1-1 

c. Describe the various quality assurance and quality control programs used to enhance 
data quality. Include in your discussion programs both internal and external to the 
Department. 

d. Describe the standard methods for the examination of water and wastewater. 

e. Given a sampling parameter/equipment, describe the standard sampling methods and
 
protocols.
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7. LFRG personnel shall demonstrate a familiarity level knowledge of the 
purpose and uses of environmental sampling and monitoring equipment. 

Supporting Knowledge and/or Skills 

a. Explain the reason for measuring emissions, meteorological factors and ambient air quality 
under various operation conditions (e.g., routine and emergency). 

b. Describe the purpose and limitations of the following air quality measurement instruments: 

• High volume particulate sampler 
• Liquid bubbler (e.g., for sulfur dioxide) 
• Infrared spectrometer 

c. Describe the purpose and types of material collected by the following sampling media: 

• High efficiency glass fiber filter 
• Activated charcoal cartridge 
• Silica gel 

d. Describe the purpose for measuring each of the following parameters during field 
surveys of water quality: 

• Temperature 
• Dissolved oxygen 
• Conductivity 

• pH 

e. Discuss the factors that can affect readings and the preservation methods for the field 
measurements listed above. 

f. Describe how trace toxic organics in water are assayed by gas chromatography. 

g. Describe how heavy metals in water are measured using atomic absorption spectro
photometry. 

h. Describe how volatile organics are measured. 

i. Identify the types of data and records required to be retained as permanent records. 

Risk and Radiological Dose Assessment and Management 

8. LFRG personnel shall demonstrate familiarity or working level knowledge of radiation 
protection concepts and dose assessment~ 

Supporting Knowledge and/or Skills 

a. Define the following radiation protection related terms: 
o Absorbed dose 
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o	 Collective dose equivalent 
o	 Collective effective dose equivalent 
o	 Committed dose equivalent 
o	 Deep dose equivalent 
o	 Dose equivalent 
o	 Effective dose equivalent 
o	 Weighting factor 
o	 Reference Man 

b.	 Discuss the three basic elements of radiation protectionin context of DOE Low-level 
waste disposal (Justification, dose limitation and optimization) 

c.	 What information are contained in Federal guidance reports #11, #12, and #13 and their 
application to dose and risk assessment. 

d.	 Discuss internal and external exposure and associated pathways. 
e.	 Discuss some of the factors that should be considered regarding the use and 

interpretation of national vs. regional/site-specific environmental parameter distributions 
and their application in Monte Carlo analysis to support probabilistic dose or risk 
assessments. 

9. LFRG personnel shall demonstrate a working level knowledge of the 
principles, concepts, and requirements of environmental risk assessment. 

Supporting Knowledge and/or Skills 

a. Define risk assessment, risk management. and risk communication. 

b. Describe the four steps of a risk assessment. 

c. Describe how risk assessment helps in site decision-making. 

d. Define the term "Baseline Risk Assessment." 

e. Describe the process for a Toxicity Assessment. 

f Describe the process for an Exposure Assessment. 

g. Describe the process used to characterize risk. 

h. Identify the types of data and records reqUired to be retained as permanent records. 

Regulatory Related 

10. LFRG personnel shall demonstrate a familiarity level knowledge of the 
purpose and requirements of DOE 0 5400.5, Radiation Protection of the Public and 
Environment. 

Supporting Knowledge and/or Skills 

a. State the Department's policy and discuss the objectives regarding the protection of 
the public and the environment from radiation as contained in DOE 0 5400.5. 
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b. Define the following terms: 

•	 As low as reasonably achievable (ALARA) 
•	 Best available technology (BAT) 
•	 Derived concentration guide (DCG) 
•	 Effective dose equivalent in DOE 5400.5 and DOE M 435.1-1 versus Total Effective 

Dose equivalent in 10CFR Part 20 

•	 Public dose 
•	 Weighting factor 
•	 Quality factor 
•	 Effluent monitoring 
•	 Environmental surveillance 
•	 Protective action guides 
•	 Release of property 
•	 Residual radioactive material 
•	 Settleable solids 
•	 Soil column 

c. List and discuss the factors that must be considered pertaining to the release of materials and 
equipment having residual radioactive material as outlined in Chapter IV of the Order, Residual 
Radioactive Material Cleanup. 

d. Identify and discuss the release criteria for: 

•	 soil 

•	 air/water 

•	 surface 

•	 real property 

•	 personal property 

In the discussion, relate the implications low-level waste of property containing residual 
radioactive material that meet DOE 5400.5 criteria vs property that exceeds criteria or 
authorized limits. 

11. LFRG personnel shall demonstrate the ability to appraise the contractor's program(s) 
to assess compliance with the requirements for environmental radiation protection. 

Supporting Knowledge and/or Skills 

a. Assess whether the effluent monitoring from a facility meets the requirements of DOE 
o 5400.5, Radiation Protection of the Public and the Environment. 

b. Assess whether adequate methods are used to characterize effluents for purposes of
 
limiting doses to the public in accordance with regulatory and "as low as reasonably
 
achievable (ALARA)" limits.
 

c. Assess whether the Environmental Radiological Protection Program is in accordance
 
with DOE 0 5400.5, Radiation Protection of the Public and Environment.
 

d. Identify the types of data and records required to be retained as permanent records. 
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Authorization Basis Documentation 

12. LFRG personnel shall demonstrate a familiarity level knowledge of 
Documented Safety Analyses as described in 10 CFR 830, Subpart B, Nuclear Safety 
Management. 

Supporting Knowledge and/or Skills 

a. Discuss the basic purposes and objectives of Nuclear Safety Analysis Reports. 

b. Describe the responsibilities of contractors authorized to operate defense nuclear facilities 
regarding the development and maintenance of a Nuclear Safety Analysis Report. 

c. Define the following terms and discuss the purpose of each: 

• Design basis 
• Authorization basis 
• Engineered safety features 
• Safety analysis 
• Safety systems 

d. Describe the requirements for the scope and content of a Nuclear Safety Analysis Report and 
discuss the general content of each of the required sections of a Nuclear Safety Analysis 
Report. 

e. Discuss the ways that contractor management makes use of Nuclear Safety Analysis 
Reports. 

13. LFRG personnel shall demonstrate a familiarity level knowledge of 
Department of Energy (DOE) Technical Standard DOE-STD-1027, Hazard Categorization 
and Accident Anaylsis Techniques. 

Supporting Knowledge and/or Skills 

a. Using DOE-STD-1027 as a reference, discuss its purpose, applicability, and scope. 

b. State the three levels of facility hazard categorization. 

14. LFRG personnel shall demonstrate familiarity level knowledge of Unreviewed Safety
 
Question requirements as described in 10 CFR 830, Subpart B, Nuclear Safety
 
Management.
 

Supporting Knowledge and/or Skills 

a. Discuss the reasons for performing an unreviewed safety question determination. 

b. Define the following terms: 

• Accident analyses 
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• Safety evaluation 
• Technical safety requirements 

c. Describe the situations which require a safety evaluation to be performed. 

d. Define the conditions for an unreviewed safety question. 

e. Describe the responsibilities of contractors authorized to operate defense nuclear facilities for 
the performance of safety evaluations. 

f. Describe the action(s) to be taken by a contractor upon identifying information that indicates a 
potential inadequacy of previous safety analyses or a possible reduction in the margin of safety 
as defined in the technical safety requirements. 

g. Discuss the action(s) to be taken if it is determined that an unreviewed safety question is 
involved. 

h. Discuss the qualification and training requirements for personnel who perform safety 
evaluations. 

15. LFRG personnel shall demonstrate familiarity level knowledge of the 
technical safety requirements as described in 10 CFR 830, Subpart B, Nuclear Safety 
Management. 

Supporting Knowledge and/or Skills 

a. Discuss the purpose of technical safety requirements. 

b. Describe the responsibilities of contractors authorized to operate defense nuclear facilities for 
technical safety requirements. 

c. Define the following terms and discuss the purpose of each: 

• Safety limit 
• Limiting control settings 
• Limiting conditions for operation 
• Surveillance requirements 

d. Describe the general content of each of the following sections of the technical safety 
req uirements: 

• Use and application 
• Safety limits 
• Operating limits 
• Surveillance requirements 
• Administrative controls 
• Design features 

e. Discuss the conditions that constitute a violation of the technical safety requirements and 
state the reporting requirements should a violation occur. 
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Environmental Laws and Regulations 

16. LFRG personnel shall demonstrate a familiarity level knowledge of the 
Clean Air Act (CAA) and implementing regulations. 

Supporting Knowledge and/or Skills 

a. Discuss the application of the Clean Air Act to the Department of Energy and its facilities. 

b.	 Discuss the radiological NESHAPs applicable to DOE activities: 
40CFR Part 61 Subpart Hand 
40CFR Part 61 Subpart Q 

17. LFRG personnel shall demonstrate a familiarity level knowledge of the 
following laws ,directives and regulations as related to the environmental medium of 
water: 

• Clean Water Act (CWA) 
• Safe Drinking Water Act (SDWA) 
• Resource Conservation and Recovery Act (RCRA) (groundwater provisions) 
• Oil Pollution Act 

Supporting Knowledge and/or Skills 

a. Discuss the application of the above laws to the Department of Energy and its facilities. 

b. Discuss the limitations of CWA regulation with regard to radionuclides 

d. Describe the reporting requirements identified in the Clean Water Act. 

e. Discuss the standards for maximum contaminant levels (primary and secondary) contained in 
the Safe Drinking Water Act. 

f. Discuss the storm water aspects of the I\IPDES. 

g. Identify the requirements in the National Pollutant Discharge Elimination System that apply to 
waste management. 

h. Discuss the approach to surface water and groundwater protection required in DOE 0450.1 
and how it relates to LLW disposal. 

18. LFRG personnel shall demonstrate a familiarity level knowledge the following 
National Environmental Policy Act documentation: 

• Environmental Impact Statement (EIS) 
• Environmental Assessment (EA) 
• Finding Of No Significant Impact (FONSI) 
• Categorical Exclusion (CX) 
• Record of Decision (ROD) 
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Supporting Knowledge and/or Skills 

a. Discuss the content and procedures specified by the Department implementing regulations 
10 CFR 1021, Compliance with the National Environmental Policy Act and Secretarial Policy on 
the National Environmental Policy, June 13, 1994. 

b. Discuss the different areas that are analyzed in an EIS to determine the affect on the 
environment (i.e. geologic resources, groundwater, meteorology, ecological, public health and 
safety, etc.) 

19. LFRG personnel shall demonstrate a expert level knowledge of DOE authorities and 
responsibilities related to LLW management derived from: 

• Atomic Energy Act 
• Low Level Waste Policy Amendment Act 
• The Energy Reorganization Act of 1974 
• The Department of Energy Organization Act 
• Energy Policy Act of 2005 

Supporting Knowledge and/or Skills 

a. Discuss the responsibilities of states and the federal government by Agency identified under 
the Atomic Energy Act. 

b. Define the following terms and their implications for regulation in the Department of Energy: 

• Agreement State 
• Allocation 
• Compact 
• Sited Compact Region 

c. Describe the federal government disposal responsibilities under the Low Level Waste Policy 
Amendment Act (LLWPAA). 

d. Identify the federal government responsibilities for disposing of low level waste at a non
federal facility per the LLWPAA. 

e. Discuss DOE, EPA and t\IRC radiation protection responsibilities and authorities. 

f. Discuss Departmental authority and responsibility for the management and disposal of the 
low-level radioactive waste and discuss implications related to l\Jaturally Occurring and 
Accelerator Produced radioactive waste and by-product material waste. Also, discuss 
differences between t\IRC and DOE authorities for similar wastes. 

20. LFRG personnel shall demonstrate a familiarity level knowledge of the 
supporting environmental policies, laws and regulations including: 

• Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) 
• Endangered Species Act (ESA) 
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National Historic Preservation Act • 
Archaelogical resources Protection Act (ARPA) • 
l'Jative American Graves Protection and Repatriation Act (NAGPRA)• 
American Indian Religious Freedom Act • 

• DOE American Indian Policy 

Supporting Knowledge and/or Skills 

a. Describe the process for licensing applicators as defined in the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA). 

b. Discuss the Endangered Species Act consultation requirements. 

c. Discuss the key provisions of the l'Jational Historic Preservation Act and the American Indian 
Religious Freedom Act. 

d. Discuss the Department's policy on American Indians. 

21. LFRG personnel shall demonstrate a familiarity level knowledge of how 
environmental laws and regulations are enforced. 

Supporting Knowledge and/or Skills 

a. Discuss the interrelationship between the following: 

• Environmentallaw 
• The United States Code 
• The Code of Federal Regulations 
• State Laws and Regulations 

b. Describe the organization, mission, and enforcement authorities of the Environmental
 
Protection Agency (EPA) and applicable state regulatory agencies.
 

c. Discuss the role of the Department's legal counsel in Waste Management activities. 

d. Discuss the enforcement of environmental statutes under civil and criminal authorities. 

e. Discuss the potential liabilities of the Department and its contractors inherent in the 
enforcement of environmental regulations (i.e., compliance orders, enforcement actions, fines 
and penalties, and provisions for civil suits). 

22. LFRG personnel shall demonstrate a familiarity level knowledge of the
 
development, review, and assessment of the following Comprehensive
 
Environmental Response, Compensation, and Liability Act documentation.
 

• Remedial Investigation Feasibility Study 
• Investigative Work Plan Report 
• Permits 
• National Pollution Discharge Elimination System 
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• Record of Decision 
• Remedial Design 
• Remedial Work Plan 
• Consent Order & Settlement Agreement 

Supporting Knowledge and/or Skills 

a. Describe the process for developing the listed documents. 

b. Discuss the requirements for each document and describe the process for reviewing the 
listed documents. 

c. Discuss the use of non-time critical removal action process as it applies to conducting 
decommissioning activities. 

d. Discuss the purpose and scope of doing a CERCLA Crosswalk to DOE Order 435.1 
requirements. 

23. LFRG personnel shall demonstrate working level knowledge of 
hazardous waste as described in 40 CFR, Resource Conservation and Recovery 
Act. 

Supporting Knowledge and/or Skills 

a. Define the term "hazardous waste." 

b. Using the decision tree in 40 CFR Part 260, relate RCRA solid waste to hazardous waste and 
identify the applicable RCRA regulations for each. 

c. Identify the kinds of hazardous wastes generated within the Department and their sources. 

d. Describe the combination of treatment, storage, and disposal facilities used to manage 
hazardous wastes. 

e. Discuss the current methods of disposing of hazardous wastes. 

f. For Resource Conservation and Recovery Act permitted facilities and interim status facilities 
discuss the following as required by 40 CFR 264 and 40 CFR 265: 

• General facility standards 
• Preparedness and prevention requirements 
• Contingency plan and emergency procedures 
• Manifest and record keeping requirements 
• Refeases from solid waste management units 
• Closure requirements 
• Use and management of containers 
• Tank systems 
• Landfills 

g. Describe how to determine if a material is a solid waste. Given a material that is a solid 

Low-Level IVaste Di.'posal Facility Federal Review Group i"fallual 
Revision 3, Jnne 2008 116 



waste, describe how to determine if it is a hazardous or a mixed waste. 

24. LFRG personnel shall demonstrate working level knowledge regarding DOE 0450.1, 
Environmental protection program which requires implementation of an Environmental 
Management Systems approach integrated within an Integrated Safety Management 
System. 

Supporting Knowledge and/or Skills 

a. Discuss the general requirements of an environmental management system. 

b.	 Discuss how the recommendations for a groundwater protection program from DOE 
G450.1-9, " Ground Water Protection Programs Implementation Guide for Use with 
DOE 0450.1, Environmental Protection Program" and DOE G450.1-6 "Ground 
Water Surveillance Monitoring Implementation Guide for Use with DOE 
0450.1 ,relate to the management of LLW and implementation of DOE M 435.1-1. 

25. LFRG personnel shall demonstrate expert level knowledge of the 
management of low-level radioactive waste as described in DOE 0 435.1, Radioactive 
Waste Management: 

Supporting Knowledge and/or Skills 

a. Define low-level waste. 

b. Evaluate and determine the requirements for LLW management including mixed low-level,
 
TSCA-Regulated, Accelerator-Produced, 11 e.(2) and naturally occurring radioactive material
 
waste.
 

c. Evaluate and determine the requirements for treatment, storage and disposal facility
 
operations.
 

d. Discuss the Complex-wide Low-level Waste Management Program. 

e. Review and evaluate the specific management controls included in the Radioactive Waste
 
Management Basis.
 

f. Evaluate and determine the contingency actions for storage and transfer equipment. 

g. Evaluate and determine the waste acceptance requirements for low-level waste. 

h. Discuss life cycle planning and waste with no identified path to disposal as it relates to waste 
generation planning. 

i. Evaluate and determine the minimum relevant information for characterizing low-level waste. 

j. Discuss the waste certification program for low-level waste. 

k. Discuss the packaging and transportation requirements for low-level waste. 

I. Evaluate and determine the storage prohibitions for low-level waste. 
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m. Identify the types of data and records required to be retained as permanent records. 

26. LFRG personnel shall demonstrate a working level knowledge of the 
management of transuranic waste as described in Department of Energy (DOE) 
Order 435.1, Radioactive Waste Management. 

Supporting Knowledge and/or Skills 

a. Define the term "transuranic waste" (TRU) including the requirements for classification of 
transuranic waste and the lower concentration limit below which transuranic waste may be 
considered low-level waste. 

b. Evaluate and determine the requirements for management of transuranic, mixed transuranic 
and TSCA-Regulated waste. 

c. Review and evaluate the site Radioactive Waste Management Basis. 

d. Evaluate and determine the waste acceptance requirements for all transuranic waste storage, 
treatment, or disposal facilities. 

e. Discuss life-cycle planning and waste with no identified path to disposal as it relates to waste 
generation planning. 

f. Evaluate and determine the minimum relevant information for characterizing transuranic 
waste. 

g. Discuss the waste certification program for transuranic waste. 

h. Discuss the packaging and transportation requirements for transuranic waste. 

i. Evaluate and determine the storage prohibitions for transuranic waste. 

j. Evaluate and determine the monitoring requirements for transuranic waste facilities. 

k. Identify the types of data and records required to be retained as permanent records. 

27. LFRG personnel shall demonstrate a familiarity level knowledge of the 
management of High-Level Waste and/or other materials which, because of their 
highly radioactive nature, require similar handling as described in DOE Order 435.1, 
Radioactive \Vaste Management. 

Supporting Knowledge and/or Skills 

a. Define the term "high-level waste," and list potential sources of high-level waste from 
operations within the Complex. 

b. Define "waste incidental to reprocessing" and explain how it is managed. 

PAICA Development 
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Groundwater 

28. LFRG personnel shall demonstrate a working level knowledge of the Contaminate 
Transport 

Supporting Knowledge and/or Skills 

a. Describe the Advection Process 
b. Describe the Diffusion and Dispersion Process 
c. Explain the utilization of One, two and three dimensional modeling 
d. Define the concept of sorption 
e. Identify the factors influencing sorption and the effects on fate and transport of 

contaminants 
f. Discuss the effects of pH on contaminant transport 

29. LFRG personnel shall demonstrate a working level knowledge of the Flow and 
Transport in the Unsaturated Zone 

Supporting Knowledge and/or Skills 

a.	 Explain capillary action 
b.	 Discuss soil-water characteristic curves 
c.	 Discuss unsaturated hydraulic conductivity 
d.	 Discuss the use of infiltration models 
e.	 Explain the transport processes in the unsaturated zone 
f.	 Discuss the importance of accurate distributive coefficients 

30. LFRG personnel shall demonstrate a working level knowledge of the Numerical 
Modeling 

Supporting Knowledge and/or Skills 

a.	 Describe the purpose of numerical modeling 
b.	 Discuss the use of conceptual models 
c.	 Identify the source and types of errors associated with modeling 
d.	 Discuss the fundamental differences between deterministic and probabilistic modeling 
e.	 Discuss sensitivity analysis 
f.	 Discuss uncertainty analysis 

Air 

31. LFRG personnel shall demonstrate a working level knowledge of the release of 
contaminants to the air phase. 

Supporting Knowledge and/or Skills 

a.	 Describe the mechanisms for transport of radionuclides from disposed waste to the air 
phase. 
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32. LFRG personnel shall demonstrate a working level knowledge of atmospheric 
transport and dispersion. 

Supporting Knowledge and/or Skills 

a. Describe atmospheric dispersion 
b. Describe models utilized for atmospheric transport 

Radon 

33. LFRG personnel shall demonstrate an expert level knowledge in the Radon 
emanation. 

Supporting Knowledge and/or Skills 

a. Describe mechanisms that would hinder emanation of radon from disposed waste 
b. Discuss gaseous diffusion in porous media 

Intruder 

34. LFRG personnel shall demonstrate a expert level knowledge in evaluating intruder 
scenarios. 

Supporting Knowledge and/or Skills 

a. Describe the following intruder scenarios: agriculture, construction, drilling 
b. Describe the performance measures for acute and chronic exposure. 

Institutional Controls 

35. LFRG personnel shall demonstrate an expert level knowledge in institutional control 
requirements. 

Supporting Knowledge and/or Skills 

a. Discuss the importance of institutional controls, time of compliance, and justifications 
required for controls beyond the recommended time of compliance. 

b. Describe the requirements for unrestricted access identified in DOE Order 5400.5, 
Radiation Protection of the Public and the Environment. 

c. Discuss the implications of DOE P 454.1 and associated guidance to waste disposal 
operations 

d. Specifically discuss how DOE 5400.5 and DOE P 454.1 could influence intruder 
assessments for a PA under DOE 0 435.1 and point of compliance for the CA. 

PAlCA Review 
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36. LFRG personnel shall demonstrate an expert level knowledge in the review of 
PAfCA's. 

Supporting Knowledge and/or Skills 

a.	 Demonstrate the ability to apply the requirements for developing and implementing the 
performance objective for PA/CA's identified in Chapter IV of DOE Manual/Guide 435.1
1. 

b.	 Assists in the review of at least 1 PA/CA with other LFRG members. 
c.	 Develop a Review Plan for review of at least 1 PA/CA. 
d.	 Demonstrate the ability to apply the review criteria delineated in "LFRG Manual" for the 

following criteria: PA/CA Complete, PA/CA is Thorough and Technically Supported, and 
PA/CA Conclusions are Valid and Acceptable. 

e.	 Describe the conditions that would require a revision to the PA/CA. 
f.	 Describe the purpose and use of Special Analysis. 

37. LFRG personnel shall demonstrate an expert level knowledge in the purpose and 
scope of the following documents: Disposal Authorization Statement; Annual Review; 
Maintenance Plan; Monitoring Plan; Closure Plan; Review Plan (PAfCA) 

Supporting Knowledge and/or Skills 

a.	 Describe the purpose and scope of the DAS, approval authority and what conditions 
require revision to the DAS 

b.	 Describe the purpose and scope of the Annual Review Plan. 
c.	 Describe the purpose and scope of the Maintenance Plan. 
d.	 Describe the purpose and scope of the Monitoring Plan. 
e.	 Describe the purpose and scope of the Closure Plan. 
f.	 Describe the purpose and scope of the Review Plan for PA/CA's. 

LFRG Operations 

38. LFRG personnel shall demonstrate an expert level knowledge of LFRG Operations. 

Supporting Knowledge and/or Skills 

a.	 Discuss the LFRG Charter 
b.	 Explain the purpose and use of the following LFRG procedures: 

1. Program Management Plan 
2. LFRG Manual 
3. Format and Content Guide for Disposal Facility PA and CA 
4. Maintenance Guide for Disposal Facility PA and CA 
5. Format and Content Guide for Disposal Facility Closure Plans 
6. Research and Development Implementation Plan 

39. LFRG personnel shall demonstrate a familiarity level knowledge of the following as it 
relates to project management: 
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Supporting Knowledge and/or Skills 
a. General Project Management 
b. Leadership/Team Building 
c. Scope Management 
d. Communication Management 
e. Cost Management 
f. Time Management 
g. Risk Management 
h. Contract Management 

REQUALIFICATION REQUIREMENTS 

None. 
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Appendix F
 
Code of Federal Regulations, Title 40, Part 191
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PART 191-ENVIRONMENTAL RADI
ATION PROTECTION STANDARDS 
FOR MANAGEMENT AND DIS
POSAL OF SPENT NUCLEAR FUEL, 
HIGH-LEVEL AND TRANSURANIC 
RADIOACTIVE WASTES 

Subpart A-£nvironmentol Standards for
 
Manag&l1l9nl end 51ora99
 

&." 
191 ,01 Appl1ca.tili ty 
191.0:1 D.?finiti~·ne. 
191.03 StandAr&.. 
191.04 Alt~rna.th·~ ..m.ndlU'de. 
111U15 EtIe-:tin· dQw. 

SUbpart ~nvironmontal stondOlds for 
Displ»Ol 

191.11 AN·lica.tility. 
191.12 D.?linitions. 
191.13 Cc·ntainment requir<-m~nUl. 

191.14 Aseora.nc... r ...quir<-ment.e. 
191.15 Individual prot....;tic·n r ..quir"'m€'nte 
111116 Alt"mAtiv.. pl':.visic.ne f·:·r disposal 
191.17 m ...:tiV& dabeo. 

Subpart C-£nvironmontol standards fOJ
 
Ground-Wah:!J Protoction
 

191.2.1 AN.lica.tility. 
191.2:l D.?finiti~·nfl. 
191.23 Gen..r&l pr>:>vWc.ne. 
Hl12A Diep:>M.1 f1uwda.rd8. 
lin.2.5 CompliAnc.. with othE>r F .....:l...ral l'l?g'U-

IQtions. 
lin2S Alt~rna.tiv~ provisioDIl' 
191.2'i me<..'1;iv~ dabeo. 

ApPENDIX A TO PART 1P1-TABLE POR 5'l'B
PARTB 

Al·PE.'WIX B ro PART 1P1-CAV';l·l.ATlO~ or 
A...'\'l>"U.'>L C'O)'I~TrTED EnECTI\'!: IJOt!E. 

ApPENDIX C TO PART 11l1----CClDA"((!E.. FOR I.M
PLEML....'TATlON OF Sl'IlPART B 
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Envronmental Protection Agency 

At'1'H0RITY: The AtQmic EnE'l'g}' ."'••)t 01 1954. 
&If l\Jl1endeoi. 42 U.S.C. ::xJll-:l~. Re-c·rgBniz.<ir 
don Plan No, 3 of uno. 5 U,S,I:! i\.pp 1; th", 
Nuclear Wll.Bt", Polk:,,' Act c·f 1~:l. all arnE'nd.. 
..d, 43 U.S.C. 10101-1lJJ'iO. lUl,l the WBet-;. lec·ltV 
tic.n Pilot Pln.nt La..nd WithdrawM Act. Pub, 
L, 1OJ-Eli'li. 10& Stat. 4'177, 

80URCE.: W FR 30034. 8oe-pt, 111. lPe5. unl .."" 
other"'w Doted. 

Subpart A-Environmental Stand
ards tor Management and 
Storage 

~ 191.0 I A"plk·"bilit)·. 

This subpart a.ppl1el':\ to: 
(a) IWdirltion d0988 r..:-.:: ..1\'ed by menl.. 

bern of the public aa a. rYl<mlt. of th8 
m.ana,gement tgxcept for tr£lJ18por
ta. tion) and 8torag:8 of ~pent nuclea.r 
fUel or h1eh-18vel or trl1nsm'anic ra.dio
active wa,;t.e~ at an}- facility rettl1lat~d 
by the Nuclear Regulawry CorumieBiol1 
or by Agreement 8tat.e8. to the extent 
tha.t ~uch mana.gement and ~torage op
erations are not BubJect t() the pro·,·i.. 
li110116 of part lQO of title 40: and 

(b) Radiation dose8 received by m>'lm
bel'S of the public aa a r'f\~ult of the 
mHm~ement Hnd sW1",l.,ge of apent nu.. 
deal' 'fuel or high..lBve( 01' trammro.nic 
waatte at any di8PO~al fa()i1ity that i~ 

operated by the Department of Enerli:'j' 
and t.hHt is not regull1ted hy the Gom
mis8ion 01' b}' Ag'l'eement Statet!, 

,191.02 Definitions.. 

Unless otherwise indicated in thi~ 

8ubpart. all termf:\ filiall hM-e the "ame
meaning- Min SUbplU·t A of Pal't 100, 

I a) Age'neil mfl(U1l'! the Ern1rol1l11ental 
Prot",ction Agency. 

(bl Admmistratar meant< the _-\dl1llui~ 

trawl' of the Environmental F'rot""ction 
A#:i!Dcy. 

((' \ CommlsslQ n meallB the Nud ea!' 
'IWgulotory CommiB~ion. 

(u) DepartmC11t meal18 the D",plutnlent 
of Energy, 

(€II ."{",PA menn8 the Nude",r WL)~t,8 

Policy Act of 19&'2 (Pub, L. P7-l25 •. 
• f) Agreem.,nt St(~ti! I1l8.[ln~ any :'itttt." 

wIth whkh th.. COlllllll","ion or the 
AtomlC Ener-gy COl1mll,~.s\l:,n hn8 8n
t.H·ed into lUI "ff8,... t,i·,,~' (tgr>.."m",nt 
lmtler ~l1hsect.ion :l74h .jf tIl", At.jl1l1(; 
Enel~y Ad Qf 10,:,4, (t8 ami?nd"..1 ,68 
Stat. 010'1. 

§ 191.02 

(g) Spent lIuclear {u'll meanJil fuel that 
haa been withdhl.WIl from a nuclear r~ 

act·or following irradiation. the con
stt tuent elementa of which have not 
ooe>n 8epal-a.t.eJ. by repr'oc£ES8ing. 

(h) High-ler'el radio(u;til'e waste. M 
used in this part. means high-level 1'0.
dioactive waate a8 dMlned in the Nu.. 
cl"ar Wa.,.;.t.e Polle}' Act of 1002 (Pub. L. 
Q7-425). 

(1) TmnsuTanic radioactit'e waste, aa 
used in t,hie part, means wnate con
ta1ninl( mOl,,;? than 100 nanocurig~ of 
alpha...~mitt1ng transuranic 1l~otope8, 
with half-l1vee greater than twenty 
yea.l"8. per gl-a.m of waate. exeept (or: (1) 
High-lev",} radioactive Wll.8t.efl.; (2) 
waaces that the DepartJllent haa deter.. 
mineu. with the concurrence of the Ad.. 
minilltJ'a tor. do not need the degre" of 
isolation required by this part; or (3) 
wnates that. the Commi88ion haa ap
pro\'ed for dif\~al on a cM~by"cMe 
basie in accorda.nce with 10 CFR Pcu1; 
61. 

0) Radiollcth'e waste. M used in thi~ 

part. mea.n8 the high-level and tranl!.
urania rauioactive Wll.8t.e covered by 
thie part. 

(k) storage mtHUlS retention of spent 
nuclear fUel or radioaertve Wo.steiil with 
the intent and oll.pa.bil1t~· to l'Yadll}' re.. 
trieve @uch fUel or waateo for iilubiilt:'
ql1ent use. proceesing, or dleposal. 

(1) Disposal meane perm.anent. 18010.
tion of spent nuclear fUel or radio.. 
actiVe> WMW from the accei!Sible mvi
ronment 'hith no intent of recovery. 
whether or not Buch isolation permiffi 
the re-COVBl'y of euch rue>l or WAste. For 
e"·ll.mple. d18POSal of Wl\8te in a. mined 
g",ologic rf'pol!-lw1'y ocell8 when all of 
the BhaJt8 to th€' repoflit.ory are 
backfilled and e"aled. 

on) .\lanagl!ment meanf:\ ally activity. 
operation. or prOCB8f\ (except for tranl!.
port.ntl0ll) conducted to pr"pare ~pent 

nudeal' fuel or rntlioactive WlLtlte fOl' 
sy..)mg", or di~po8al. or the activitiel! U3

",odM.ell wi th placin~~: 8uch fu",l or 
waat.e in a diBpo~al BYSu,m. 

(n) Site mean'! an area cont"dned 
within the boUlldtU'Y of 11 loc{ttlon 
wHler the effe,,'tlve control of per'!onl'!> 
pO'i<oo~8in£ or U"'Sill£ "'Sp.mt nudelll' 1\1",1 
01' l'll,uioaetlye wagte tll(tt aIe lnyolv",,] 
in <illy a.eUvl ty. operation. or pIYJ('e8~ 

('ox',ned l,.y tlu.. "nbport.. 
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§ 191.03 

(01 Gen~1ai l??IViJonmi'nt l1lHlIB t1l8 

to tal t.:?rr8~tl'ial. f1.tml)~pht?11l'. an.j 
[lJ,jUatlG ~n~'11',)nm~ntM out~lJ", ~it.,:>~ 

wUllin '...-h1ch any activity. operation. 
ul' pl'l)ce~~ a3t!oCHl.teJ. ,\; til th~ lllfWllll;"?
nwnt and ~tora,g", 1)1' ~p",nt. nucl8f1.r in",l 
or l'a,JiI)<.\ctive ''''lI8te i~ conJueto?J. 

(PI :tfl'mb(]T o!the pUblic melln'3 any in
,Jinclual ~:;:cept JurIng the tim", wh,m 
tlU1.t llldi\'1l1UL'Il 1~ ll. worker enga.geLi 1n 
any act.ivlt,y, operation. or prO(;elS~ tllat 
It! .~overo,?J by the .-\t,olllIC Energy .-\ct of 
195!. as lilnended. 

(4) Cntical "ngl1n ml?lU1B the mOtlt 8X

po,,;8d human ol'!?:an or tiB~ue 8:;:clu~'H\'e 

of tIlfo 1nto?g'ument,u'y Bytlt.enl .skm. 
[Wl.j the ·.:ornea. 

'l IH J .n:1 StmHlm'ds, 

(a. M,Ul[\g8l1l",nt anJ. Bt.or.age of Bp.,:.nt 
nuclear tU81 or hb:h-18V81 or trt,n8
Ul'~UUC radioactive wast"'B at all facili
tietl n"gul~teu by the Commif.<Bl.on or llY 
Agl""ement Sta.too Bhn.ll 00 conduu~J 
ill' "uch a manner M to provide reason
able a.'il~Ul·[U1Ce tha.t the (:oll1bln~d an· 
nun1 dOI:!e ",qwndent to a.ny memb",r of 
the public in the :o;'\?nernl envlrOilllHmt 
re8ul tin:---, fl:om: (1) Ditl(:hnr~et! of rn.dlo
Q.J.;t.!ve mat.':;l'lal and direct radiation 
fro111 ~uch mann..~eruent and tltorag'e 
fWld ,:J) all op,')ratlon~ ,;:o\'ereJ by Plnt 
1£10: ':'hall not 8:E:CeBJ. ~ m1llir':>111e to the 
wIle.le hod::. 75 mlllil'ems to the tily
1'Old. lUlU 25 mllllremfl to any oth",r 
cl'lt.lcal organ. 

(b, M'lllH!o."!ment a.nJ tltora~'8 of ~pent 

nucl,;.,u· 1'u,,1 <)1' high-I to..."?1 or tJ'lIl1B

lU',Ul1c.· r[\dio[l,~tiv8 wa.sto?lil at illl fadli
ti"':3 for the t.libpo~fll of ~uuh fuel 01' 
W'll~t.;, tll<."lt a1'8 I)perat""d by th., Depm't
111,,,n t ,Ultl th£l t .ue no t re:---,ula. t8cl by the 
C')1l1ll1 b~J on 1)1' A!;Tl?811H;n t Sti1t~':\ tlhn.ll 
be ,:ondllL't.;>,J In ,;u<:h a ma.nn01' ai.! to 
pn.nJ8 rtort"lc.'ll<.ibl,:; [U~~Ul'anc.'", th.nt tho:; 
eoml.ollwJ £Inuual oJo~ equl':a.h'l1t to 
,illY m",mh",r ·)f tI18 public in t,he ~'ell

end dWIl'omnent l'eBul tlll~' fl".)m ,.li~ 

chan::",\; of radiu[\ctJve nlat081'1al and 111
rl2ol.'t 'radbtl('ll fl")lYl "luc!l m,Lll[l~'em&nt 
~U1..J ':\ t,)r'l~" ~hldl not exe>?"".l 25 
mlllu'dlB to th", '.vh.;,>102- body and "f!;. 
111l1111'",m"l to :t11V d1 t.!cal ol',?an. 

'": 1!J1.H-t Allen1"ti"." ~t"lld:u·"",. 

'<'I.' The- .~Jmlnhtl·at.ol· may i~'3U", al
t.el'rw t1 '.""" ,~taI1J~ll·-.ls fr e.111 the","o' -;t.auJ
al".b .--.;ta 1,11~h",l 1n § 191,(o~{i I" f-:'I' ""<Jt't", 
n1nll;1c~",n1t'l1t- an.] '~, t,jl·~lc.~'" ll<: tn' 1t1 eN at 

40 CFR Ch.1 (7-1-06 Edttfon) 

radl:ltl~ t.hat al"e not regulated hy tbto 
Conllll1";r~lt:'U 1.'1' .'b:re81110nt St[Lt.;,~ if. 
upon no"'.'},,,w 1)1' an ~1.pplicntion for ~u ...b 
a.lt"l"natJ'.'~ ~t"Uldfl1'dl:l: 

(1) TIl8 .\.jminlf.<trator Jet';'l'mme~ 

that -;,u.;h altel'l1l1tiv" sUlnoJa.ru~ w111 
prev",nt ~Uly m",mb",r of the publlt: f)'om 
re(:el\~in~' a .~ontinuou", o;;l~'"PO~ur8 of 
mOl'", than 100 11)11111'8111.-;' pel' year ,JO'3fl 
eoqui,'alent .uld 'I.ll infrequent eX!-Xo8Ul'e 
of morfl th~m 500 1111111ren'1% ·.lose equiYa
lent In [I Y>?HI' hom all ~OUl'C(:8. eoxl.'!uJ
in.go ill'lturn1 brv... kg-round and mediual 
proC'8,.lU1'8~: fUld 

(2) Th02 Admllllstrator promptly 
m,nk",,,, a matter of pUblic r€<coru th", lle
gr""" to '.\,hl •. !l ,~ont,inu.;,•.l operation of 
the fa(,lht~· l~ ",:q:",,,.,t,,,d to 11B>.\ult In 18','
eltl in ",XC8's~ .)f the ~t.u.ndm·d~ s}.-.e..:1f1ed 
in § 101.l'3il.,j. 

(h'l An a.pplicution for aItel'native 
sUlnlhl>.!:; ,~hall 1.,e 8ubnll tt.ed rw ~oon a.~ 

p08~J1:>1.,;. lIft.",r tho> Department. deter
min,Joe! th£1 t ·:'<mtinu",d oI:~rat.ion or ,~ fa
cility ',\ill ",XL'&",j thl'l level~ ~pecifi",J. in 
§ 1!)1.03i 1), £InJ ~hflll induct", n.lI informa
tion n",,:~~an..' for the. Aclm1ni~trator t.o 
nl[lk", th", .I.,termlllat1on~ 1~n.l18,j for in 
§ 191.('·1. ~ll 

Ie j H",·!ut'",t.", for alt,;.rnaU..."" st,antlal'll% 
8h'1.11 I..", ,'ubml twd to the Admilll8
tl'at,)l'. U2>. EnYlrorunenta.l Pr-ot.ectlon 
k,,'1lo.Y, 1:201) P8illlsylvn.nia. Ave., N\V .. 
WLWhm~t(-ll. DC 20460. 

[S(' FI;. <:3C'EC4. :';",pt, 19. lP85, M' t\Jllend~d at ,,5 
FR 4'1:<;5 AU~ ~. :))t)(.] 

~ WI.')" Effcdin: d~lie. 

111'" ... t[ll1.Ial'ds 111 thi:~ ~ubpalt ~ball he 
eff.:--;tr:.,;. '.'11 November' IS. 1005. 

SUbpart B-Environmental
 
Standards tor Disposal
 

~ 1!)I.11 .-\pplieahilit,v. 

Uti TIlle' "ul,lpa1't appll>:'s to: 
'I', 1{'v.lk'<.i,_'ti '-"" nk'l t£>l'ia18 rel""lse•.l 

int,:, til", a';c"'rJ.~lll1l? 8nyironm8nt :I.'il 'l 
r8f:;U!t ,A th.,;. ,lbp.)«al .)f S]:"211t llude"r 
fll",l 0:01' Ill~h-l",'.·",l 0:01' tlCllllSlU'allle nv.li,)
(L('tl\",· ~,·[V~t,02-t<: 

12'/ P-:~Iliath~.n llOti~l~ r~~c~.?i"~l'"f~tJ h:-;;· rn«111

1)";'1":.; uf til", pnJ:.l1•. l....' ~~ l'~~ult ,)f ,~u-_'h 
,11':'1='.:>",t1. 'ill,] 

,~~, R~l<1 k·a,: t1':" ':Ont.'Ulllnn t.l ':-n ,:·f -:81'
t.aUl ·")lU"."'t; ',·f ;:l"UlUl ..l ''''"(It-e.!' In the '.'1

.:Inny ",f "lJ'T,..·""d S:-'t<t",ni"l f,)1' "n'.ll fu"l 
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Environmental Protection Agency 

\bl Thb ~uhpart. tl0811 not apply to: 
! D D1':<pl,)~ul •.l1l'BCt.!y Into the OC.HUl8 

or <)I.'en.n l$l~diment~: 

(2) \VMte~ tU8POlii8J of bMor", No\'",m
ber 18. 1005: a.nJ 

(3) Tbe ..::hnmderization. l!":'8nsin~. 

con~truo:.:t1on. operatJon. 01' o:.:IO~Ul'8 of 
ftJlY ~ite requir8d to be cb..1l"llUt>?rlZ8.j 
lUluer ~8ction 113(al of Pl.lbliu LfVl; Q'i
435. ~)6 Stat. 3'.))1. 

[50 FR :?'.31!l?4, SE'pt, 19. 1005, M aJllE'nd~1 a.t 58 
FR &;114. D"'·J. 20. 1ro~] 

'j 191.12 Definitions. 

Unl.,.,tl otberwise indicate,] in thb 
~ul)pa.l't. all t"rm8 mall ha\'e tl18 flame 
menUllll:.' :lli in tlubI:lI.nt A of thi~ pCI.rt. 

A!..'Cf'S'SIO le en t~iT Qrllllo£'7!t ffif>fIllB: (1) The 
atuloBI:oh",re: (2) land llurfac>?>l: '.3) ""ur
fa.o.:e wat-H'B: ! 4) oceans: and 15) all of 
the litllo8phere that i~ beyond the uon
trollecl area. 

ActH",' iTlStiturional cor.trol meami: 11) 
Cont.rolling ilCU8Bil to a. di8p'JlS'U tlite by 
any mea.n~ other t.hLln palJ8ive inBtitl.l
tional conO'ollii: (2) perfornung mainte
mUlee op8rationil or l'l?llleolial act.ion~ 

a.t. :l. llit~. ,3) ..::ontrolUng or de£Ulin~ up 
l'elealJe8 from a. lSitCt. or (4) monitoring 
paran18t8rB l'elilteJ to oli~poBal ll~~tern 

p.2rfOrnll.ince. 
AnnUli l committ.:d i?ffecth'iJ dOSt' mea.n~ 

the committed effedive ..lOB" result.int;: 
fronl one-year inu.ke of l-atlionuel1lle~ 

l'eleatled pl~ the fUlllual Mff'ctiYe do~", 

(;au~e,l by dir('ct radiat.ion from fadli
t1e~ 01' lu:ti .... itie~ ~ubjeet t.o ~ubp£u·t~ B 
Mll C of t.hi8 part.. 

Aqu,ifer means an lllltl8l'.grounJ ~eo
lO~1('al fOlwation. group of !'olmationB. 
or pmt of n fonna!jon that i~ i~'aptll)l e 
of yielding' a. ~i!!.nlO(·ant- amount of 
wat",r to It well ":'1' ~prin;:, 

Ban ie' lllO?fUl;;; tmy nlate-rial ,)1' ~tru,-,

tu!'>? that p1'8vent~ 01' 3u1:""t.antlally 
•1e1<.\::~ 1110V,;,m",nt of ·... lI.te1· or nwiu
nucliJotJ to'l;arti the al~l.'ll!'l8ible ,;,n'.'11'011
nl",ut, For 8::':a.tnpl". a. banl,;,1' may he [t 

~e<)logl'-' ;;toluetUl'l? a. uUlibt8l'. a. Wtl8t·c; 
f't)lnl ;".tt.h phY8Icai rllId ehemkal '~'hcu'
{\.J_·t.e1·lt·.tI'~1l t-hat. tJi!::nlfi'~lU1tly Jr;>i:l·eo.~e 

th", mobi11 t.y of l\cldionuc·li.J~. 01' a. ma
t",l'l,tl phke.j ov;:,r an,J tll,yund W(t~t-::-. 

PI·o\'1I.le,J tlwt th.;,. mat",rwl '.J!' llt.l'ud.U1·;; 
~t1t<O;t~·'llthi.l1y uf>lay'il l1lo·"",m",nt- u!' 
wat.:.!' .~.r !',u.liolludI,J,;,~. 

C'c;;'lrrc:l!cd i..lt'i......(-:; nl~.tul1.i- 11 .....-\ :~l..u·fa.t'~ 

IU':I.U1011. to be hl",ntln ...d l.y pa~l!l\-" lU
':it.! tuuc'llal •.'(·ntrul:~_ thClt ",n.;·)nlr<v:;tj"'~. 
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no more than 100 squar'8 kil()m8t8r~ 

l1Jld 8xt8ndB honoont~'1l1y no more than 
fiv~ kilomf'wre. in a.ny ..Ure·~tlon fiX>m 
the outer bol.ln&ry of the origlll£ll 10
cat.1on of the rruUolu:tlve wa8t';;'8 III a. 
dbpolJal sy!!tem: and I:n th", ~Ub~ill'f;j,c '" 
underlymg ".luch ll.8Ulface locatJon. 

Dis-poslII system mea.rus any combina,
tion of e~ine€'ret.l and llLltul'al hllrTi8r~ 

that iilolaM ~pent nuclear ruel or Y'ndio
activo? wll.8te Mter die.posal. 

Dose eqult'C.lent mean~ the prc>t]uct uf 
a.ooorhel.1 dOBe anol a.pproprHl.t.;;. frlJ.:wm 
to a.ecolU1t for diff£>rf>no.:·~e in biolog·io.::ul 
effe('t.1Y",ne&~ due to the qual1ty of l'aoli
a.t.ion anu itN I:lp£"t1al ..U!!tribution In the 
hotly: too unit. of dOB£> equivfdent 1.-;. th" 
"rem" ( .. sievert" in :'31 um tB). 

Effedit'l' Jose m",(\J1S the ~Ulll ov""r 
spedOo?d tiBBueB of the products of tb", 
dose equivalent. received follov;in.!; an 
e~'P08ure of. or an intake of radio
nl.ldideB into, IJpecified t186u~ of the 
bod::;, multlpl1€>d by o.ppropl·irtte 
weighting' factors. This allowB the Vfl.l'

lous t1sBu.:Hipecific heUl th riBkB to be 
8umm",o.l int·o an ovel'ull bealth ri~k. 

The m8thod used to calculate effe-eti\'e 
tlo~g i~ ,le~ril>eo.l in app.2ndlx B of thi~ 

part., 
Grottnd wat.'T means wat.er below t.he 

land f:5UrfMe in a. zone 0 f tsaturation. 
Heary metal mea.t18 all lU'1U1iulll. plu

tonium, or thorium plu.ce~ int.o fI nu
clear r('actor. 

Implementing agclIC'!I menus: 
(1) Th8 ConmliB8ion for facilities 11

cen-sed loy the Commistdon: 
(2) The A.,geney for t.holJe impl",rnenta,

tion l'l?6POIl.~ibUitie~ fOl' the W~t,e :llio
lo.tlon Pilot Plant. untler thit~ pal't.. 
given to t.be Agency by the WU.l:lt", Iso
lation Pilot. Plant Laud ';\'1 t.hdrtlwal 
Act i Pub, L. 10:::-579. 106 Stat. -17T;' • 
WhlCh. for the PlU·}.X's",~ of this P(I.l·t., 
are: 

(1\ Det,;;rmina.tiona by the .'\1o='8nl:\' 
tha.t tbe \\7,).:,jt>? hlolation Pilot PLult B 
in ;.;ompliarlt:e with llubpart .~ i~·r thb 
pcu·t: 

(11', l~mu1(:e of crit",I'ia for t.h" ':",1', 

tifit'atlon~ I)!' '_·Oll1l='lia.tl'~'" ';\'ltb ,:;uI:·pal't,~ 

B antl C uf t.hb pm't. of t.lw Wa..~t.· It!ola
tion PIlot. Plal1t.'t~ comphal1.:'" wIth 'lui •. 
PlU·t.~ Band C 'J!' t.111~ pru·c'. 

• IiI. C"rtIfl ,:at·H,n~ of t'(·nlpllan.:,:, 
with ~ubIXll'Cll B lUlL! C uf tll1~ plU·t of 

[ml',fA'J'e! IJ 'asre Dispoyal FaciliTy Federal Her/clI' Group ,HaJIIlll1 
l}t.,·i,,:inn ~ II1IH,1fHlX 
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the W(\.;~t"" bola.tion PlJ.Jt Plaut'~ com
pliauc,= ',nth ~Ubp~u,tf!> B ,mol C of thI,,,,, 
part: 

1,IV) If the ini t!al .:ertli1,:;<.ltloll i~ 

lncILI'.? pBriodk rl.?""'l'tifkation .)f th.:. 
WHIst", I1K,h.tl')U Pile,!. Plant'l) continu",·j 
eomplianeido with ~Ubp(U'tB B ~ulol C of 
thB pal·t: 

(v) R8\"l8W allel eomm81lt ('n l=.;.rfol'll1
aU'.:fl 3.l!o"!...~~nlent l-..portB of tJle Wat'<t'.? 
I~t)la,tion Pilot PI:lllt: iIJltl 

(VI) COn(;UlT811Ce by U18 A~,,'ll(;Y ';<.i th 
the D<i'!='artmt'11t'8 uM';;'l1ni11ati('n llli •.k-r 
§W1.02i I i tn'lt Cl?rtalll '7in".,t",~ <10 not 
1188.1 th8 o.l8gn:,.. oflsolat10U l·>?l./uil·."d by 
8ubpart.~ B ~ll1U C ,)f thb j:,aH: and 

(3', The Det:\iHtlnent of En"'l'£:"t for any 
oth8r <lh<pot.ml faCIlity and all ,:oth>.?r 1111

ph,meutation ret!pc,mnbl1iti~ for th" 
\1,'iust8 bolation Pilot Plant, lUld",r thb 
part. not g'i""'11 VJ th" _-\g>?u.:y. 

11l:cnwtional System of Units 1~ th" 
V81"510n 1)1' th" Jl18trl\.' ~YlSt",111 w'hieh htu:\ 
b",en 8st,rlblh.\hed by thl;;> International 
BUl..flU of \Velght~ and I\Ie'l.-'lur.;>l:I (tnd i01 
ad.nlml~t",red in the Umt"".j St..)t<dl:l by 
th", NHtional In~tit.ut8 of St.andanh 
iIJlJ T",dIDolo~:;. The al.bl·evi[ltion for 
thl~ ~Y3t""m is "81.'

Lithosph-e/{' m'.?an~ tlle wH·] part of 
the lunth below the ~Ul'1'H(:e, indudin:,:' 
a.ny~rOlUlu w'at.;;.r (:ont-iune·j WIthin it. 

p(tSStt':'C i1l.stj~uti-01to.l cont'll:)! n18fln~!'~ (1) 

P",rnUl.118nt JUal'k",rlJ pla':>'>ll at a. ..li~ 

POS<1.! ~it<O!. (2) puNk re..:.:o1'u::I ~UlU ~

\'hiY8S. /3) gov;;.rrun>?nt own"'l'3hip and 
r"'~·1.lIations re!;ll.l'ding land ('I' l'e~Otl1'e.;> 

ll'=l~. lUld ,4) ·)the1' methe,.l'!> of prl;;>
serving' knowl",d?£- flb":"llt tll", lo':ntion. 
1.1>21:'>1=:n. ,Uld cont,8nt8 ,':.1' <'l .Jit;po~al sy~ 

tem, 
Pi?r.i~·)rrn(rr..c{! tlSS;:SSl1u:nt m~a1l5 illl 

aunlVL'18 that,: 11:, I\I\:'lltlfI2t'> the pl'O','
~Sb''''' CUl.] .wents tllat Inl~ht, 'lfr8d, the 
llhpt:·t'~d '~Y8t.;;nL 12;0 ""xmnlll",~ tll", ""f· 
f",('t~ 'Jf thf'~ p1'(":e~.t'\:'t'> ,l,nd ",':enti; on 
th", pel·forman'.'", of th", 111'~P:'tsld ':5;."'1.... 

tem: an.! '3) 8Stimat",,~ th.,. .;umullltl\',:,. 
l'el""aH';'t'> e·f 1·'lJji.)nuL'll,.l~. L:'jn~.I,j"'l'1n:,:· 

th", ;.\HWY~lat"".j un'.·d·tlliutletl. ,:fluse,J lt~'f' 

lI.llciH;nifkaut pr'A·t'l't!"'"!< an·.! e':",ntl!. 
Th01~ ';'tI t.lm~l,t.,.,~ ~hal1 1.. ", In',·0I'l:.:·l'H t",.J 
lnt':, ~ln ,)'.'",rrdl pr(ll..n!.Jlllty llhtnbuLlun 
,,·f ':lllllubti1.'e 1'020]",,1..':1';' tu th" ",x t",n t 
pLl'_' t I': cd..1e. 

..t:::dd:,')':("~,"ltl.' .'n,1r"''''I, ..I! nl~·nn~~ nlatt~r 

':0111]:'("''''''.1 ojf '_'1' ':')nt~1I111n~ racliu
nu... liol'=b. with J'[~,-l1d':'::l,_'al half-l1 ...·"'~ 

~l'.~.H"'l· th~lJl 20 y",,,r~'. but'.k'. t Lo the 
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Atom!>: EUf<rl;:Y Act of lQM. <\.~ (lm",nd
~d. 

SI unit m"an8 fI. unit of m",a~lU'., in 
the Int..,tuCltional 8Yi:ltem of el11t~. 

Su.'ly!rt 18 the 81 \mit of eff8Ct,ive do~", 

:llld it:! ",qual t£l 100 tern or on8 jOul.:. p8l' 
kilo£wm, The abbreviat,ion is "Sy." 

Undlsw tbr:d pcrfotmanf..'C meaU8 t,ll", 
predicted tJ€'MYior of a U11:1 !--":>8a1 ';y8

t'lc'l11. indudlng- consid",n"tion of the lUl
cel'uunti",s In pred1ct~d behavior. if th", 
dil:\po8al ~}"8tem 18 not, dlBlupt£>u by 
humau intrusion or the occurrenc~ of 
\mUk"ly natural event.8. 

Wast£'. :l.'il u~d in this 8ubpart. m,;;an~ 

n.ny ~p8nt nuclear fUel or rn.diorL\:tive 
wMte l~olat,,,,.j in €I dl8pofHl,1 8yBt.mn, 

"""<'St£, foUl: n1eans the material8 0om
prising Ulo9 rndioactiyg comIX'nent'~ of 
WMt8 "ud any en.Cll.PSUllltlm or ~tabi
li2ing 111Mrix. 

[50 FR ;'3l)B4. S~pt. 111. 1005. all lI.11l€'Dd~j at 58 
FR ~'l>-lH. D~.;, W. lW3j 

~ 191.1:1 COl)t~,inmcllt ,·cqui.....'mcllts. 

i a.1 Di!i;IX'ilL\} l!~'8tenil!o for spent nu
deal' fU81 or high-llc'vel or tfllnaurn.lUl: 
rnUiNv.:ti ...", WMte8 shall be u~ig'ned t£l 
prontk ~L nmoonable expel.:t.ation. b.1.8e·j 
upon ~'='l'fol'man(,'e a6~~am",ut.:3. that 
thf! cumulutiv., r~leMQ8 of radio· 
nuclideil t£l th", a.cce~ible l?nVirOIID1",nt 
for 10/:0)1) years !l.ft€-!' dleposal fl'Om all 
Bi~·l1lt1l'a.nt Pl'OCQ88~8 and events tb,lt, 
ITh'1Y aJf8t't the tl18poeal ~}'8tem ilhal1: 

(1i H'H'e a likelihood of llllilfl than ·)n" 
chrtn'_'8 In 10 (If exceeillng the quautiti8~ 

l.'alL'ulated Hceordill.!i: to Trtble 1 \ l1.pp""n
di:.: .-\ l: ..1Jlo.I 

12i H{\\'" t" likelihoou of 1~t1 th.ul0ne 
ehrl!1ce in 1.000 of exce<?ding ten tim",~ 
thf' 'luantitH!t'> cakul,Ltell ll.ccordin!; to) 

T,l,bl", 1 iapp~nllix Ai. 
lb) P",rfurm:lllc", M89B-':Ill1ents u€'ed 

n.)t prontl8 ~'ompl€'te AAsurance thu.t 
the ro?'1Ull'ldment.~ 1)1' §191.13(rl) will ].e 
met. B",,_'aul,'e of the long tim" pbl10Ll 
in"'(>fv",J and tJ.18 IU1ture of the "vent~ 

(Iud PI"(>I!8':.ltseB of intel'>.o?8t. tb8:te WIll 111
",vital:,lv be tJUb8t,iIJlt.ia.l U11I~",rtmntl""-"; in 
pr('.18dln~ d18po~al ~~"Bt""m jX'I'folnl
ltn·:". Prt)(If ·)f Uk> I\Itm-.. p81'f')rmanc o? 

(.1' iI ,]jbpo,:\[d-";Yi:lWlll is not. to I:oe ha,l in 
th", ('l"lllnal'Y ':\~n88 of th", wOl~.l in bltU~l
tl.jnb th~lt ,.le~tl WIth mll"_'h ~h.)rt"'l· tllne 
[1':U11".,.. IU'!ot>'1'ld. what it! r",qllu'L'.j B II 
I""'~l,':jl)n'lbl.;. e~p",.:tatl'Jn. un th", bl\'~lt! .:..1' 
th.,. l't"_")I'll b~ff)l'=' t·1w lll1plementlll~' 

Low-l.n'('1 II (/\t(' f)i'po,al Facility Fer/eral f{n'i('H' (;roup .\laIlI/111 
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ag-01ll::='. that .;omplinnc":' wIth §EI1.1:.? 
I (1.1 wIll be tlchi",ved. 

': lHl.1-l A",",ul',mcc I·C{IUin:mcnt." 

To pro','!,]", the cont1U&nC8 n",,,,,1e..1 fur 
lon=:-t,8rm L'omplian('~ ';',.th the l'e,~Ulr",
mente; LIf §101.13. dbpo>.lti.l of ~p",nt llU
d""m' fUl.>l or hii;:h-level or trnnl'tu'tUllC 
\\'IWt8'l ~h,lll b~ conuul:t..d in <)ccOl'U
,tJ1L>2 '.'lith the following pro·li~ou~. 8::t
ee-pt that th~ provl3ionl'3 do not, apply 
to fao.:lliti88 I'flgulat8d hy the Commi~ 

8ir.:m Isee 10 CFR P£\rt ill for 1101111),[U'£\1)18 
provitdollB ~lpplica.bl... to fadlitl"s reJ0l
lat.;.tl by the Commi~,~lon',: 

ill) AetHT 8 in:Oit1tut.1onal control~ over 
llbpotlal ~it-23 tlhoulu be maintmne,.l for 
IW Ion!;:' a p"l10Ll of tIme a.l! i8 praL'
tlcabl8 3,.ft",r dieposu.l: however. per
l'01111 Wl';'''' ll.tlB\!e;H:lm~nts that <ltl~88B i80
latlon ,A the w~tetl fl'om the <l(;ce~lb18 

enVll'011l11ent tlha.ll no t conL!i del' any 
cOlltrlbut.ione from i\ct1\'e in8t1tutlonal 
control8 for 1110re than 100 year13 a.ft~r 
Ji~,p08fd, 

~b) Dbpo~a..! ~yetl?m'3 ~ha..!l be mon
itored n.fter dispOBa..! to JBt~'Jt ~ub~tan

tia.l mol d",t,nm8nt:a..l ,leYlatiton8 from 
e:;:T-'8d.o?d pedOl1U£l.llce. Thi:3 moni torin~' 

8h'1.ll be uL'ne w'Hob t;£>cbnlqU~ th::Lt 0.10 
not j&op(\l'illze the Iso1u'!,iun of t.he 
Wfilit8'l <lnLl :'llhu.ll 00 conL1ut:t.eL1 until 
th."!,\? .u'e no aiglllfkant (:onC€>l'U"l to be 
adllr8:36e,J by furth"r monltorin~', 

(ei DisIK.e.ll.l ~lte" ~ho.ll 1)8 ,Je8i~n(Lt",d 

by tile m0~t. permar18nt markidrs, 
It'L:onb. anu otJler paS8Plf! ln2!,ltutional 
<:Imtroltl practicable to indkate the 
tlang\?rt< of tht? w'niit.,;.~ mId th 02 U' loc(L
th..n, 

i til DhI:'~'l:'nl tl:YBtemii ~.hal1 Ut38 ·Jif
fetell t. typ~ of bm'lh!l'll to illl.:>ln te the 
WUtlt~ f1'Onl tht? ac.c'2'!<-';lb18 .;;n... iron
nl01lt, Both c;nio:'inl?8re.J nnd nntUl'al I:oa.r
l'ld"! :malll.·.;; included, 

'Ii!' Phll'~ whe1\! t.h01'" hnt< 1>"",n min
ill~ fOl' 1'81~I)Ul':8~, ·~'r wl1>.?1'8 t.hel'\? hi 9. 

r",,1.-;omt.l:·le ",~,:pe._:tltt,lLm of 8:'-1=,lo1'at10n 
fur t<ClU'C') ')1' easHy a,('cf>~"'lhI8 re
"lOlU'_'8~. ')1' ',\'1181'0 thet", It< (l t<i~lllj) '-'[lll t 
L'Oll.:>?ntnl tlC.n I)f allY 111[\ t..:>l'ial tha t If! 
11o:.t wid",l" H\,ml[lbI", fr0111 otJ1,:.l' 
'lOlU':8~, ,:;h·:>\11·1 be (wolde.J III bele._'tlll~' 

tlhp'_'~al:'lt>?c<, R"'toourC'et~ to b", '.'L'llC~lo.l

d'12d ~,11(dl l11,:lude 11lln81'ab, penlile-um 
,:.1' llHtUl'~d ~'a~. ',"<Lluabl..,. F:'8(.I')~'11.' f,-'1'
111:,(,\"n:" ,ulo.l !;:1'A1U.J ',~':Hd'~ tllar :U'" 
dthd' lrl""pl"";",aJ:.l,, 1.''''l'au~", thd"o' l~: UU 
r",;v,;o:,n~ll.·l., "dt"rllatl';", ill)Ul"_'", .)1' ·.11'1n1:
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iug '1;at",,1' a.\'ailnbl~ for 8ub~ttUltiallX-'I.:~ 

ulu t.l')118 .)1' t.hl'l t, ,U'~ vi t,d to the pl'l?8el'
va tlOU of ulllq ue and ~llt:U tiV~ 8('0
8y~t.em.'3, Such pla<::e~ :mall not. hl:l u8eJ 
fUl' tli~po:-ia..! of th" WHlStet3 ,:ove.r~d by 
thb par't ulll",~ t.he fnYorable chur
a.(:teri~tiL:s of li:luch place\! com}.."',m,~at.. 
for their greater likelihood of helng
di~tUl-]yed in the futur8. 

(n Di8}..'Osal li:ly8t,eIIlS Bba..!.l 00 e.elect..:>d 
so that. renlo\'al of most of the 'Nn..'3te~ 

18 not :pr~duJed for 0. reMonable perlc..l 
of t.im\? after IJiSpoMl. 

~ 191.1-') Indh'idual (>l'otcdion l"t"quir.'
m.'nt". 

(a) Di8pc'~111 8~;"8tell1~ for waste an.] 
any ,1Siiodat",Ll radioactive nlllkl'HI.1 
shall be ']~1I!.'n8tl to pro.-iL1e Ll reIWon
atl" expectation that. for 10.000 yeal~~ 

a.ft8r Jblpot;al. unLlh,ttll'bl:ld p81'folTIl
anl..'€l of the JIBposa..! 1l}"Bt..m lili.I.ill not 
caUB8 th" annua..! comnlltted effecti'.'e 
dose. received throug-h an pot..:>ntit1.1 
pu.thw'aYt< from the d1l!po~a..! ~Y6t.em, tu 
any m..:-mber of the public in the acce~ 

sible ennronm,;>nt. 'to exceeoJ 15 
nll11ir~m~ 1151) microejiwert8). 

(h) .-\.n:nual commiU..d effect.i\T(> dOi$e~ 

shall b8 calcuJated In accorda.nce with 
app.;.n.]ix B o)f tWe part. 

(c) Compliance l\&'W1l8Jllent8 ne",.] not 
provioJ8 complete ,1.S~urance tha.t the 
r"'QlUrem8nt~ of parngTn.ph fa) of thb 
seetion WIll 1w met. :BeCtlUOO of the long' 
time P8110.] in':oln~tl and the natun. of 
the Pl'::>·~,e~oo and €lvents of int81'\?3t, 
there WIll in",vitably 00 ~ub~tJ...U1t.1al un
cert.allltlelS in pl'Ojectlng' d1spoBCLl :'lye.
teom pe>l'f':'l'man('B. Proof of th", future 
perfOrn1[lllC~ of a J.i~poBa.1 il}idtem i"l nut 
to be had in the ordinary 0011<;;(> of th" 
wOl\1 ill c<ltuat.lon" that L1eal with mud1 
8hortH' tin18 fhlmoo. Instead. whlLt l~ 

r",qua",,] is <1, reollllonllble e::tp8.ct",'ltioll. 
on the halJh! of the record be1'm'" tlw 
imphH118ntlng agency, that o.:omplhln':'" 
with pru'll:;O:'l"flph 10.) of this ~l?d,ion WIll 
be (v:hiev"'•.L 

i d) COmpli[lnC'" ',nth the pl'oYl.,;ione. In 
t!lB tlBd10n lloe'" not ne!:;:'ate th", ll"'·;'et.... 
~lty t,l) L'om:r:.ly WIth any utJ18l' n.pplka,
bl", F"llel'nl l~:;ulHtion~ ')1' 1'e'lull"'
m>?lltb 

•e, TIlt' e<!anoltll'tb III thl~ ~':tl,-,n '~hldl 

b", ",ff",,_ n ... ", un .J'UH1fl~'7 II). lI.W,t 

LOH'-Lel'e! /I'as(e />i'lw"al Facility Federal /?cTiell' (;l'IillpHal/liul 
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'~l!H.Il; Alternath'<, pnwi"ion ... fot, di ...• 
p"":,). 

TI18 A,.1millht.I'ntc'l" may, hy 1111 .... ~ull

8t1 tut.,. for <:Ill:;" I)f th... provt~io1l3 of 'juh
p.ut B a1 k-rnat1\'g pl')\'L<;1ou:;< Cb0t!0211 
idt ",I': 

(al Tho,! alt,"l·llat.l':~ Pl'OVlglOnS h,ws 
b",,,,n pr,)p')'38d for public IJomment 1n 
th", FEDERAL REGISTER to:?8t,her 'r.it.h 
lnkll·mat.lon lle~o.;ribIn!;:' the COBt~, risk.':!, 
itntl b",n",fit... of Ji8l-'Ot;a1 1n accol\!mlc8 
With the al t8ru£ltlve j:.rovi~ion'3 ant! tb8 
1'8H,,':Jon., why complhull"8 with the e:l:.lflt~ 

in~ pr f)\'lt<lont< of Subpart B app",ft!'3 1n
appl'L,prwt02: 

;J)I A publio.; cOlTlIll",nt p"'1'io,1 of at 

l",a~t 00 ,j[LVB ha~ ])e",n compl",t""d, clur
In;:' which a.n 0PI)(lrtunlty fOl' publk 
h"'.ll'lUl!,":l m a,ffe,:·t",.j al'ell~ I)f the coun
trv hn"", been pro':itl.?d: :1lld 

i C 'I The public COlllment~ receiy?J 
hu,,'e b':;Hl fully 0on~hlere,j in d&vel
opm:o:' t.he final ''-&1'810n of lSuch ~l.lU!r

natl'-'? provir..ion"!, 

[of) FE 39)34. e""pt, 19, Ires, Ro;ol;;!l.iplat"ol CI.t 
.5a FP" 6&lH II...." :::0, 1~3] 

,~ HH.17 Effc-eth-c- d~ltc. 

TI18 ':!otall,1m'd"J in thi~ t;ubpnrt ~hall be 
eff~·~ti... o? on ,Novemb&r 18, 1005, 

(51) FF. 39')34, 3l?pt, 19, 1005, 5.(1 FE 400(0, I),:t, 
1, 1985, R,.;.l~e'll(l.t-=-J .'I.t :'8 FP. E'.>H4, 1:1.;-;, :xl, 
I:}P3] 

Subpart C-Environmental Stand
ards for Ground-Water Protec
tion 

8lll'RGE: 5-8 FE 66415·. Dl?<:. ~. I\W3, unl,,'!!! 
oth';'l-.n~ nc·t-;.1 

': t9t ,:!J ,,\'pplkahility. 

1'1.1 Thb ~uhpm't. a,ppll~~ to: 
11 " P..'ILlLLt.lOn t1C'il"'~ r,;>,x'l':8U hy Indl1

bf'l"':' I)f t118 pllblh' at; a re~ult ·)f ~ktiVl
t.h'" "ub,1ed, to au top.fl,lt, B 1)1' t,hh part: 
~Ln,j 

,:2', R.;t>lk, ~t>~t.i ,:", '.:on t-<unin;'l tiun ':of un
11",r~1':·un,.1 :,OUl'';:'''''' 1)1' oll1nkIn~' 'Sat,fOr In 
t,ll.' ~LC'l·.}s~ll')l", "nYll'c'llllkllt. a... a r.:;sult 
lOf ~'Udl (Ll'tl"'lti8~, 

I b J TJuCl ClU hpal,t 11,) 08 nut ;Lj:oplv t,(,: 
'1, [ll':;P("J~'t1 dil'..o.::tly Int-u tl1.· l)l'fOa.ll'·, 

...1' ')I:""tn ~,o,!,llln",nt~: 

'::;-. '.v~l',t",t' ,1iqx'IJ8t1 (.f h"'k·I''' th" ",1'
r.,,·, 0';" ,hll,.' ':01' tIll", ~ul,p"l't: and 

':<, Th", ,:hnl"I,_'t-i'l'1::a tE,n, ll"'clldn~, 

l.'l)ll·~ t.t L1I-,t llJn. ljp",=,loat.ll_,n. (,1' ,_,1 (.~lU'>-;, 1)1" 
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any ~It.,:. r-e'luir",J to hI? chflraet""nz",d 
lU1d"r~edll)n 118ifll of PublIc' La',," g'j'
J:?5, 06 Sta t, ~:)'J1. 

,j W 1.:2~ D..fin i ti(lns. 

Unh?O<", 0t.h"'I~.vlBe indica ted in thb 
~ulopan., all r...rm" bav", the .,o.ln8 meiLll
iDg a~ III l!>ublxLrttl A ,ind B of t1118 Pfll't, 

P1ibli(~ Wilt,'! system meo.J1;.~ a "'>-'f!>tem 
for tIl':; pl'(,vBion to th ... pUblk of pip",..1 
Wt'lV;,r fol' hU!l1ctJl con~umptlon. if ~uch 

8Y8t8111 hu.':I at 1~[It!t, fift"ell oor'.'lce ('on
nec tion8 or re~:ula.rly ~er''-B3 <l.t. len~t 

twenty-two:; Indindual~. Such term lll
clutl>?,,: 

it) .":..ny ,:ol1.:;dion. tfE'atment, t;t,(,r
l\e:"" a.l1LI ,listl'lbution fW..:llitiB3 Ullt};?l' 
control uf th" L'})erator of '\uch By"Btem 
an,.1 uf'<!d prImarily III o.::onne.~,tic'n wlth 
Bueh >'5:Vt~t",lll: :wd 

(2) Any colledio11 or pretreatment 
8t.ol'••~e fcv.:ilitit!!:! not under ",ucb con
tre,l wlndl al'e u8ed pr1ma.rlly in con
1112" t1.jl1 WI th "such :;sYBtem, 

To:ct di;;;;.:)!tw: solids menllt!> th", total 
dh.,,:d ,:""j I filt.erable) "-"'olid':l III W(tt,:,r a8 
d/2t,8}'Jllll1"d by Ul:!>e of the method ~P",(;i
fi",c! in 10 CFR pllrt 1:}3. 

lJ:I'~"r!JrI1:~nd source of drmkm.f} wat~'r 
m0£IU'~ (Ill ~V:l uIfer 1)1' HiS portIon ',\'b1ch: 

'1', Sur,ph""", any public wo.t~l' f!,Yf:Jt~m: 

or 
,2, C' ...·nt:Lin"J a. 8ufflcient quantity of 

gl'ol.1ud ',v,U.8}· to ~upp]y a pUbli,.: water 
:'JyfJc",nl: :ll1·.1 

, 1'1 CWI",ntly 8uppliea l.!rmlcing wat02r 
for hLU1WI1 '':')lll:!>Ulllpt1011: or 

; 11 i C' ':,11 Lllll~ few;?}' thflll 10.000 milli
grJ.11lb IJf t.ot:1l db:,;o]veLl ':!olhb J.'oi?l' 

lit",r, 

~ HH .:';:1 t;"ncr:tl provision.«. 

•a) D",t';'l'mlnation .)f ('omplifUlc,," v.ith 
thb:;U I.,pan ,.,hall be h~t;~,j up,)n LUlt1",r
grt:'lll1,J ~,OlU'I_'8t> (.f o.ll'ln];:in~ ',vat",l' whkh 
ha"'8 l.. "",n Id.mtifie,l 011 t11" t1a.t~ th., 
Impl.jm",n tln~' a.g.,nu::- de t",lTIlll18':i '':0111
plbn·:,:. with but,):<U't, C ('f this piu't, 

j ti, [H"'ii81,,:~,jJ 

~ tHI.:':! Di"IH)"nl stllo<lm'ds. 
• ill Dltipv:<n.l 8 ...~t~mlJ, 

11. (;"':1;:"(:[, DbpOt~al ~Yl::'t,dlb 1'01' 
W(l:~t", "Inti ,til;' ak.a~f.Jclat.",.j l'a,.1!'XlI.'t.l'-'''' 

nwtd'l~d "hall hi> ..l0"Jl!o:l18L1 to pl'(I\'I,.18 a 
l'Oo'".";'ul1"d·]", ",I:):oO>,;tatlon tJlat 10,('IJfJ 

:," ... "1'; ·,f IIY"lhtlu'b... 1 pt>rf":'I'111':lll','", aft.;.!' 
,ll·p·:,;,.d '.;}1;:111 nc·t, ·_aUM'! tll", I... \".'I~ (,1' 
LL,lk'.l,,'t1'; 1ty In .U1:: LUlll",l,a'.·uno.l 

Low-L<:I'('/ lias/(' DispoSIII Fllcilitr Federal RL'l'icl1' GrollI' \/1111//111 
Otn·i6.,;"n ~ '"n,\ 'no~ 1 ~() 



§ 191.16 

'19I.lf; Alte.-nath'" IH'oyi!iinn!i (01' dis
p""a!. 

TIh? A.jllUlli~,t.mt,::,rmay, hy luI"", ~ul.o
~t.1 tute tor <:1117 of the provll':lions ')1 :>uh
p,u't B ,dt""rnatiY8 provlSlolW (:bol~n 

aJt",r: 
(u. Th<i ~tlt",rnatlv,;, provblolb lUI';'" 

been pl'opo-;;ed for pubIi(; 00mm",nt 111 
th8 FEDERAL REGISTER tog-8th.,.!' ."ith 
infoullut1011 11eBeribin!o:' the ;~'ost.., I1Bk~. 
(ill'] b,;.nefiw ,)f Ji8PI)bLlI in .\.ccol'1.1o.nee 
'i.\'ith the al ternn tive provi8ion~ o.nu the 
rea."!L,n':j why ,:ompliu.nGe '.nth th8 exist
ing' pron;,<ionB of Subpa.rt B a.PPl?a.t~ in
(\,ppn,pna t",: 

(b 1 .-\ l:-ulJlh' <.:omm",n t p,;.r11)J of at 
ll?a..~t ~(l d~LY~ ha,~ be",n ,~'omplew.j. dur
ing' wll1,~h a.n oppolt,Ulllty rOl' public 
he,ll'lll~ 111 'l.ff"",:te.J 'l.rea,,~ of the Goun
try 1m,; I:o"".,.n provided: ~llltl 

(G) TIl", public commenta receivo?,j 
have ht'8n fully ,:on~ldel'et.l in dev",l
OPlll:;' th", Unal \'el'~ion of buch alter
nCLt-i , .. Pl'(}YiI31011,~. 

[50 FR 39J3i, ~.;.pt, HI, 1~. R&d&~g11at ..d at 
58 FR ~~HU, ['.;.-:, ~O, 1m] 

~ Wl.li' Effective date. 

TIll? 'ltantl~:u·d'.i in Ul1~ bubp.mt 1:111(\11 be 
eff",,:rin, on Nov;?mbo?r 18. 1005. 

[5(' FP- 300:34, iO>>?pt 19, 1985; W FR 4OC·«l, Oct. 
1, 1985 R.;.:i~l(ro ..t,.:.j a.t ~8 FE f;>H4, D-e-:, :}(), 
19&'J] 

Subpart C-Environmental Stand
ards tor Ground-Water Protec
tion 

SCotTieE: :-8 FR 6&Uf·, D...~, ::>:I, 19P3, Unl""'8 
.;otJl,;.l-...i~ no:,~"!,d, 

~ Inl.:! I .\pplie~,hjlity. 

j fLl Thb ':\u1rpa.l't, appll>=<, t.o: 
II, P.<:ll.liatIc·n J('ti"'~ rfh:'>?lVl?'.l hy ll18111

b;:'l'3 cd' tl18 publi .... [II> a, r;?~ult ':of ~v~tin
tIe", ,mb.1"",_,t to "ubpan B .)f thl'~ pal't.: 
,wd 

,2:0 RllJ.l1(,~v-,t,i '.'8 '.·C'll l:.:'lluna tl·)n (,I' un
J",n::l':,und :~OUl'I.:~ .)1' dl1nklnK 'sat81' In 
Uh? al'I:"""~lbl", r,:.nn1'C·lUl1",n t ~.:~ ~l l'"""ult 
01' :;1.kh ,ll'tJ':lt10~, 

1.1:n T]ll'~ ~u ltpa1't th)>}1> not appt,T t,y 
,11 DJ:.:q)(·~.,·Ll .li1'''''~t.lv lntu th", uo.:8an~ 

ur ·),;"an :;",.jlnl,=nt,~: 

1:2 'I \";' a:~ t~~ tll~lPt.t'<~tl I)f 1.1I~"fi~·r~ th~ ~f

f8ct.l·;", ,bt" ,A tlll~ ~u1tP:l1't.; and 
,3, Th", ,:hinn•.'t"'l'IZ~ttJ')lL 11 .....011'.ln<o:. 

....jn~,t.I'u':t10n. 'Jp",l'atll.·n, ,)1' ,.'l('~Lu'", o)f 
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MV ,~lt"" 1'eq Ulr8U to be <:hnl'[\('t'2l'lZed 
tml.li?r ~eet,lon 113i (Ll of PulJlie La,''!'' Q7
4~5, ~16 Stat, ::.".)')1. 

'119I,~:.! Ddinitions. 

Unl"""il oth"'l~Ir'i~e indica.tBd in thi~ 

IisU bpa1t. ~ul td'll1.'.i have the same m",L11
tng 3.8 in ~ubprll·til A and B of thill pal·t, 

Public:t·t1t,,! system mea.n~ a 3:'jr'8tl?m 
for the pl'ovi~ion to the publk of pipe.] 
wu.t02r for hUInM eon8umpti on , if ~ueh 

syBtl?m hu.":\ at 1""£\6t, Uft,e..m oorvice eon
neetions or reg1.urt.rly ~et':oo a.t. leatlt 
twent:v-t1ve indiYiduah. Such term Ill
clutlGs: 

(l) ..1...nv ,-,olhwUon. tl'ea.tment. Ilk·r
ag·e. mJ llist.nlltltion fadliti€<'l tmtl"'l' 
control ':'1' tl1l? op",rn.tor of ,,:\u(,h tiyet",m 
aJlt.l utled pl'lmill'llY m comll:Jdion wIth 
such ";Yl!>tem: aUt] 

(2) Any eollection or pretrea.tment 
st.ol'a!;:", fadliti~ not tmller such con
trol WhICh a,re used pril1lCl,l'lly in eon
nl2>etit.'ll '.\'1 th '3uch sj"Btem. 

Tote! djs;;,)iL'ca solids me[ln~ th"" total 
d12801':eo.1 'fil t>?wble) solids in wat>?r (l.8 

deterlllllH?d by UBe of thta method BP£><:l
U..d in -10 CFR pmt l:)t 

,-rrld(~t'qu!~:nd source of drinkin.g l~'ati..~r 

me[\nl~ "n ~l.qUlfer or itil portion which: 
il'. SuI:,pll ......3 any public water Byst02m: 

or 
(2) ('(.nt-am"! a. eufncient quantity of 

ground Nat,;,r to() Buppl;.- a. publh: wlIt"",r 
sYf:lt",nl. ~lIl'.l 

Ii', Cun",nt,]y l:IUpplief:l drinking- w£lt""r 
for htUlWn '-'Ollf:\tUnption: or ' 

(11', [>:,nt.aln~ fewer than 10,000 milli
grn.nw ·jf t,otal Jb:"olved solido;; p.2r 
lit.::-r. 

~ J!)l,~;~ l;"n~ral pl·oyj",i<.ns. 

I (Ll D.. td'mlllfLt,ion of c'omp!iance WIth 
thh ',;U l.'piHt, '3hldl t.>'! balSed upon Lmtl",)'
ground ~('LU".'O?(j of o.lr111kjn~ ',-mt",r ',vhi·;h 
hflV.. h·"n ll:}.:mt1fi~J on the Ja.t"" th.} 
impl""m",ntinl:' ~\.~enc:: I]etmnlin~ ,-,0111
plhw,~''.? WIth :Jul'j:>t:llt C (.f this pa.l't, 

I b) [R"b'o'r.'",ol) 

~ JHl.~4 l>i"pn~..1 slandm·ds. 
1~j,1 Dh'PljMLl ~y~kml'" 

tl! (h';,;,"o[ Dblx.~al lS~~t,ellb fOl' 
w:u~t,;, 'tn ..1 iln~' a:iHY:.·da.t",.j ra,lk.a.t:ti'.'t? 
rna td'lal ,<.h£l11 h.;. d02~lg11f>11 hi Pl'u"'l,]t? a 
n!H,".".lnid.. l", ",:q:.;,.';tatl011 UUlt 10,(lUO 
Y"'~U'3 .:of uYJo,lhttu'I).,...l perfC'l' JlliUl L't? ~d't..,.r 

,1bl)o:,:<11 ":'ha 11 l1C.t ':'a. Ut<':' th", 18\,,,]:; (,1' 
Llt!lu«).'tl'.'lty In 'lll~' Ulltld"r'>lIn,.l 

Low-Level" 'iI\te Dis!'osill Filcility Fee/crill !?n';e)l' (;roll!' \/illIlIill 
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Envionmental Protectlon Agency 

sourCl:l of ,hinking wat",r. in thH acceB
l'libl.. "nvuonment. to f'xco?€'cl the limit\! 
I3p""dfl"J in ~O OFR part 141 M th"",. 
e}.i~t on J£ll1uary 19. 1004. 

~2) Disposc.l systems abol~ or within 11 
!ol7nation which within one-quarter (1/J) 
mile contllin.s an undergrotmd SO'll ree of 
drinking watci. ["R..-.$~l,>,~UJ 

(b) CompliancI) M8el!o8ment8 need not 
proyiulil compl",te a.88urn.nce tha.t the 
requir€'ment,~ of paraJ;:l'aph (a) of thi3 
81?ction will b", met. Becau&:! of the lon~: 

time period inYolved £Il1d the nature of 
the pl~.)cet!8108 and {>v,mt3 of intel'!?!;!t, 
then> wi111nevit,llbly 00 8ub~t.UlUal un
cert...untles in projecting '.llsl-x>enl sys
tem pHl'fol'm£ll1{''''. Proof of the future 
perfol'UUlnee of a 111~posn.l lS}"8tem iil not 
to be had in the ordinary sen.".!", of t.he 
WOlt! in ~ltuatlon8 that deal with much 
shorter time ft"amlO8. Instead. what is 
required is Q. reasonable l!.~e(;tlltion. 

on th.. batlis of the Ncord before the 
impl..menting a.ganey, that compli£ll1ce 
with paragraph (11.) of this l!ection will 
be acbiBved. 

t 191.25 Coolpliaof."C with oth(.>.. F~d" 
~rnl r,'gulations" 

Complilluce with thfl provi81ous in 
tbi~ tlub!-"<lut tloeof! not nega.t.e tJle ueceB
l3it}" to comply with lI.n~· otheor appl1oa
ble Fedl2ral Ngulation8 or Nquil''e 
m8nts. 

§ 191.26 Altcrnath"e pl'O"isions. 

The Admini2tmte.t may. by rule. aub
at! tnt.? for MY of tJle p1'o.,,181ou8 of tbi8 
subpart al tel'native provi::s1ontl (;ho~en 

a,ft",r: 
(n.) The alternative provisions have 

OO",n propo,;,ed for public comm",nf. in 
the FEDERAL REGISTER toglilt,her mt.h 
inf.:.ruHl.tlon o1e~eribing the cost.... risk.'>. 
and b..noeflt8 of tlil8p0t1al in accorda.ne!'1 
with the al temativ8 pl'ovi81ons £Il101 the 
rell.....;orm why eomplianee v,ith the exitlt 
lug proVision!:! of t,llis subpart apJ:"'m's 
iuappropri t't.t,e; 

(1), A publb: (;OnU1lent pl?riotl of a,t 
ll'?o.~t IX) ,Ja:,,'~ h~ been ,-:omp18t.?d. Llm'
in.!: which an oppott-unity for public 
he~u'ln:;~ in ~l.ffe·: (k.J ~u·e,l..~ of the coun
try hu..,; b",en pre·... iL1"!,\: ,u1d 

I, e \ The pUhllc eomnh,nt8 l'e<.:eived 
hrLY", h",..n fully ojoll\~1Ll.,l't"d 1n ,jevel
('p1l1t:' th", tlnal "·",n,!c·u c·f bUdl alt.2r·
natn'\? pro·,·l~l(.n~. 
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t 191.27 EfTccth.e date. 
The Bt£ll1uards in this subpart shall b8 

Mfective on J£Il1uary 10, 1994. 

Al'P~'"DIX _0\ 'TO PART l01-TABU FOR
 
SUBPARTB
 

TABlE l-RELEASE LIMITs FOR CONTAlI·IMEIIT
 
REOUIREMENTS
 

IOJrrul9l1"'9 I~ to \til ea:a6lU8 emtronrnillII fOr ").():o
 
yMI8 8llief GIEp<l68IJ
 

~ 

~.ror 
MlHt.l 01 
OIll9r unitOf·,,_ 
1

ncCBGI 
(CUIl&&) 

AmerkltJnH?41 or 443 _ 100C8rton-14 _ 
100

ceell.m-l35 Of -137 ... _ 1.()J()
ItllllIlIH29 _ 100 
NeplunlIrn-237 . •... _ 100 
PluEf1UIn.Zl8••2:39. -2«1. or -2012 ._••_._.•. _ 100 
~2211 . ....... _
 100SlroolllllKlO . . _ 

1.000 
TectI~ _• 

10.0Xl 
TlIo~(J'-~ _ 

10Tt\-l28 ' ..,- _ 
1.000 

UlBnIun-293, -23A. -235. -2lIIll. or -238 ,_.. _ 100 
Nrf tGlIll' 8~ I1IdCnU::IIdlJ wnn 8 IlSIJ.1IIl? g1ti8UiJ 1fBn 20 "..,. _ 100 
Anf all!lf IIdltnJdtIe WIh a ,.... grealef 

bin 20 ~ lII8l 00l& Id (lfIlII lIlpha pII Id€'t . ._..._. 

APPLlCATlON OP TABLE 1 

N01"B.l: U1I1U of Wane. '!he &.leae& Limite 
in Table 1 apply to the amoun' of w4.lItee in 
Any one of the following: 

(a.) An amount ot epent; nuclee.r tnlll .::on
taming 1.000 meotric tom of heavy IDEoUU 
(MTHl.[) expoeed to a b1U'J1up betlWeo!ln ~.OOO 
ml!gawa.tt.-da\o'8 per m.tric ton of hM\'}" 
metal (MWdIJolTHM) and 40.000 MWdl1fTH1I; 

(b) The high-level radioactive _ete<! geoD
era.ted trom r~oceeeiDg' each 1.000 ldTlTh:l 
UP:>8ed to a barnup b&tween 25.000 MWd 
MTlD.I &lid 40.000 MWd/JEI'HM; 

Ie) Each 100.000,,000 curlee of ga.nuna. or 
heta.-emittinf': radionllclidee with hall-livee 
groeo8.ter tha.D·20 yean! hilt Ieee t.ha.:n 100 ye.a.re 
(fc·r use a" mllCllllll!@d in Note 5 or with IlUI.t€>
rials that eN identified by the COnlDlilll'lion 
AS higb-l...vel radioactive waeto& in Ql;:CC~i!' 
with pazt B 01 the definition 01 h~h-Ievel 

W'EU!t@< in the NWPA>; 
(d) Ela.ch 1.000.000 curlee of oth...r mill-=>

nuclid~ d.e.• gamma. or be~mittem with 
half-lh·"", ~'er th.a.n 100 )"t'El.1'1l C'I' an:. 
a.lpha...,mittere with halt-livell g1'!'<1.t..r th<l.n 
20 ye.a.re) (1c·r ue9 as discuesed in Not... 5 (·r 
witb IlUI.t~riaJ8 tha.t azoit idmtifi ..d by tht' 
Commieeion a.e W::-b-ll!<Vel radioacti..e wast.;. 
in a.=c·J:\.ia.nce with part B of ~ deotinitio:'D N 
high-l....'el wLUlte in the NWPA:I; or 

Low-Level 'Vaste Di,po,ml Facility Federal Rel'iew Group .HlIIlllll[ 

Rl',i~inJ1 , .11111(' 20llS 
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(~;. An amount of tr.!l.W3uranic i, TRU, Wa.etE!'8 
cc.nU"lI1ing c·nE' million curi~~ c.! Bl~·h&-",mit
tin!? tt(l.n~uranic radionudhiE''! with ha11
li,~8 ~Ht\.t€'r th/I.n Y.I y.;;a..rs. 
Non~ ~: R£lea..1e Limits lor Sp.,'Cifii: Di~d 

Sy.t~n.r. To .:J,e..",IQp Relea&& Limits fc·r II. I:'/\.r
tkuh<r o:lispoaa.l '!YBtem. th~ 'luantiti ..~ in 
Tabio? 1 shall h.e ll.<.iju8to:d for the l\.ll1count .)! 
W'lIS~ included in thE!' (lil!lp':'w ~~to?m ':010
pa.rO?d to th", ",a.rio~ unitll c·1 wa..st.. d",fin ..d in 
Note 1. For "xnmpl..: 

(11.) If a pa.rti.;;;uw dispc-.l ~t",m "on
tnin€,ll the high-l..\·€'] waate.. !r<::·rn 50.000 
MTHM. the- ~lo?Me Limit!!> for that llyeto?m 
would be th.. quantiti_ in Tabl.. 1 multipli"d 
by .50 'W.OOO MTHM dhided b}' 1.000 1.1THl\·1). 

f,b) If a pI\.l'ticuw dispc-.l ej.""8t€'m ·x·n
tajn,;."l. thI~ millic'll .::uri_ of a..lpho,-.;.mittulg 
ttanl'JunullC ·...Mt..a. thl'.' R€<l,,~ Limits tor 
tb.'l.t ~.".~rn would \:.€, thE!' qnantiti€<& in TaN.. 
1 multipliO?d by three (thI~ million curiee 
divid",d by onoeo millkn curi~,. 

I,C) 11 a puticula.r W8poeal e)""8t€'m ·:;on
ta..iD ...l b.:.th the high-loeov..l WM~ from 50.000 
MTHl.1 and 5 million ·:ari€'l'l ot aJph.fl.,-.;omit
ting ttanll=ic wa.stE'~. th.. R€'l€'Qe.eo Limits 
tor that 8Yl!'t€'m 'Would bE' th.. qUBIl ti tiE'& in 
Tab!.;> 1 multiplio?d b}' 55: 

SO.OOO MTJ-Th.1 + 5.000.000curiesTRU 55 
I.OOOt-ITl-{1·1 1.OOO,OOOcuriesTRU 
NOTE 3: Mi~tment3 ;<tr ReactOl' Flub with. 

Dijj.Tt71t Burnl>p. For .jj~pC'M.1 ~~mll c;;·n
ta.ining r~a.ctc.r fIlele (or the high-l"'v",1 
waa~ fl'c·m rMctor fn€'ls) ..xpoSN to an 8.'0'

I!>~e burnup of Ieee than ~&.OOO MWdiMTHM 
or ~a.Mr th..'1.IJ 40.0oo M:Wd'MTH1L the- units 
01 wast..- defined in I,a.) a.nd lb I of Not€' 1 e.b.'l.ll 
be adjnstE'd. The. unit Bball be multipli..d by 
th.. rll.tio c·t 3Q.OOO J,IWdiMTHl1 divido?d by the. 
tue.l·~ MtuaJ average burnap. ",x-:;E'pt th..'l.t a 
va.]u"" cot 5.000 MWd,MTHl,l may ~ us!:>d ....ho;.n 
the. av ..ra,ge- fuel burnup ie 1:-..10.... 5.000 MW•.l 
MTHl,f and a valu€' ·;)f 100.000 MW\U.ITHM 
l!>ba..ll to.. us€'d ...-hen th.. avo;.I·~€, fuel 1-,urnup is 
a.b.~v.. lOO.('(() MWcU..lTHl.!. Thie adju~t..d unit 
of ,,,,cO!, ..hall th..n bo;. us<?d in detE'nllmil1g 
th Ro'-l..~ Limits for thE' diep:•....u "ye~m. ' 

Fc.r ":!:ampl",,. it a. pa.rtkul£\I' diep:>9,"\l ~Y'9

~m ~.:·nt.(l.ille.d only high-lo'-ve-l W'v.l~ ....ith 
&D av",rll.!':€' burnup ·)f 3.(>(') :z.rn'·.l·l.1THlI:1. th.,. 
unit .:.{ "'alit.;. {.:or that di~p.:oM..1 l!>yet"lll w·:>uld 
be: 

OO.((()I .. 
J.OOOr-.ITH!\l-< = 6.0UO!\ffiIM 

(S.Oi)), 
If tb;,.t ,1.i91'(-.] .,.."B1:';'n1 cc,ut"l.in..·j th.;. high

1",'.-.;.1 ·.""i\,8t.. ~ {r-:-rn .,O,C·(() MTHM ,with ,U) <'I.'" 
..r~'" bw:nuF' ,:.1 3.(·)0 l.IW.l·1J:TID,-l •. th"n th'" 
R,.;.1~'Vl'" Limlt,o, 1c·r that ")"St.;.lU "Voul..l 1:+ t,h.,. 

qUAlltiti.;-.,; in T/l.ble I multi!=·h",d 1:.:;- ~u 
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60.000 r..ITH~1 
-----=10 
6.00UMTH~1 

6O.0c0MTHM (5.0001'.1\Vd/MTIThn
,': = 10 

1.OOOr..ITHM (30.000MWdIMTHM) 
Non~. 4: TToozmmt of Fracrio-1!a.ted High.

I.e"..] Wa..1U·S. In eomi} C6BE'&. a ~h-l€'Vf?l 
wnst;;; etI'€-R.m from reproc_iI¥: !!pent nu
clear fn.;.l miW !la,eo btleD lor will be) _par 
re.te-d into two 0r mON bigh-le.el W0811U> com
pon",n ta dE>~tmo?d for diffmnt dispee.al sys
temll. In euch GIl.8€'8. the impleme-ntin~ s""""n
C\o' may aJ.1o:.ce.tE' the ~leQSe Limit multi
plil'.'r fblU3O?d upc·n th'" ori",<>ina..l M'llD.J: &Dd the 
&vere..ge fu,;1 burnup of t~ high-lon'€'l waste 
etream) among the variOUII di.eop'::ow 8}.".1;€.ms 
lUI it ch>:>o~.;.",. pro>i&d the..t the toW R€'lea.~.. 
Limit multipli...r ~i for tb.&t .....-te etreo/l.m 
6.t I\lI 01 ita w8pol'la.l &:y&tem& ma.y not E!'xc...eod 
th~ &le..'\8e Linlit multiplier thM would be 
u&ed if the "'ntire wa.sU> &tream weor"" disposed 
of in c·no? dir.po811.l 8}"1ltoom. 

Nom. 5: Treatment 9f Wa.tte.t tcith Poorly 
Knou;11 BllT7lUPS OT Original MTHM. In 80m.. 
~. the re.:;ords a.eeociaW with p;lZticular 
h~h-l",vE'l ...._te etreoame JR&}' not be ade
qIlAte to i\Ccurat;e.ly determine the original 
m€'tri·:; t.:·ne of heavy metal in the ~""tor 

tll",l tha,t erea.t",d thE> _'e. or to d.e~rmino!< 

the- (.w.;.r~€' burnup that the fuel_ E'xpClsE'd 
00. It the UDcerWntiell are euch that thE' 
or;pnal amr;.unt of h_vy metal ':.1' tb.e <\.ver
4{(o? iu.;l burnup for particular high-l€'ve-l 
wnst.e- atr€',l.Il18 cannot be quantified. the
unit.<! .:·1 '.~ l~riVed from (a) and (b) .j1 
N.)t" 1 !!>.boll no lODgE>r be ueed•.In&tEoM. tho!< 
unit<! of wa&ti! defined in (c) and Cd) of Note 
1 llhall b'" Ull€'d for lIl1ch high-lev€'-l wa.ste 
~tr,,"(\me. If the unc~rtaintiee in ,",nch infor
ma.t:i';.l1 "llo'~ a r~i' of valUE>& to be l\8f:loxi
6.Md with thE> or~DA1 amount 01 heavy 
m ..tal ':or the a.v~rll.l;:e fnel burnup. th..n tho!< 
<..-e..lcuL'l.ti,:.ne ,iE>ll':ribed in pre'dQ~ Hotes will 
boeo condu~t£"l usinl!: the- va..lui!s that r...eult in 
th~ <!IDMleet Rele~lIe Limits. except thM th... 
~l.;...~o? Limits ne>!!'d not b" ~ller than 
th08@ that would b.;, c8olcula.ted usin;;: thE' 
unit.'! ·:of wa..t", detiJlo?oj in (c) and (d) o{Ne-t.. 
1. 

Non:, I): CJ::el1 of Re1rou Limit:: :0 Daermine 
Compliar.ce u'i:h §191.13 Once rtol"a..s€' limite 
for ,1, particuw diep)eal llYlltem have- b",.en 
d ..t.;.rnllu.,.d m QQ;:.:.:rd,a.nc,;. with Nc.~ 1 
t.hr>:,u!,:h 5. thea" rel0e<\8e limite ahall be used 
to Il~t(.rmin€' C'»mplia.nce .....ith th.. N><-!uil' .... 
nl€'llta c·! §1~1.13 M fc·ll.:.Wl!o. In caM~ wh",r .. Q 

mi.:,:tm·" (·f radiolludid,,'l is proJ~~j to h.;. 
~l,;oM,;."l to the acce19sibl .. €'nnrconment. the 
limitin~ volu~ eh[\11 be determil1~j a.e 101
lo~.x~' F')r ~R..::h ra..di(.nu~lid~ in t,hE' lnu t.1.U--=-_ 

·.l.;t""rn1in", th" ra ti.:· h..t'n",,,n th.; o::urnul"'ti':'; 
1",1"'Me ':juaJltity pl·':·j",et""l ,:,':er 10,(0)·) 7~a 
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a.nd the limit for that radi'Jnuclide Q8 det~r

mined from Table 1 aDd Notell 1 thrQugh S. 
The- sum ot lIuch ratioe tor all the radio
nuclid~ in the mi:!ttur~ ma.y not £>xce.1'd OD,; 
with regard to 5191.13(&)(1) tWd ma.y not u
ceoed ten ""ith regArd to §191.13<a}(2), 

For examplt'. if radionuclidee A. B. and C 
Are projected to be relea.e.ed in Rmountll Q.. 
Q.,. aDd q.. and it the applicable ReleBM Lim
ita are RL..RL... Uld RL.. thoeon the cumu
la.tive rel&a_ over 10.000 yEoan eha11 be lim
ited so tha.t tlu tollowing rela.tionehip ext&t8: 

~+ QlI + Qc :S:l 
RL:a RLb RLc 

[50 FR 8809t. Sept. ~. 1ll85. ,\& amend.."'.l at 58 
FRo 66415. Dec. 2O.1l.lPS] 

ArPE:....DL~ B TO PART 101-C.UCULATION 
01" A."<"NU.AL Co..'\JMlT'l"ED EF:n;;C'lTI'E DOSE 

1. Ecit'ivaImt Dote 

The calculation ot the committed eUecU~ 

dose (CEO) 1:>eogins with thE> determina.ti.oD of 
the equivalent dcee. B T • to ~ tiMue or organ. 
T. It&toed in Table B.2 beolall" by ailing the 
Ioquation: 

HT =2 DT.R 'WR 
R 

where ~.• ill the a.baorbed doee in radll (ODe 
gray. an 81 unit. Ioquatll 100 rads) 8V&rs.ged 
over the ti&eUe or ol1;'aD. T. due> to ra.diA.tion 
~. R. ~d Wa 1& the radiation ",elght~ 
ta.etor which ill gi\"en in Table B.1 below. The 
unit of equivalent dose ill the rem (eievert. in 
BI unite). 

TA8LE 8.1-RAOIATION WBGHTlNG FACTORS. 
WJl1 

FncCOM al ~ .. _ _..__ __ 1 
~ 8nO rrualt. all en!Ifl}IE'6 ._ __. . 1 
Neo.JIJOIY>. _gy <: tOgV .. __ __ _.__. 5 

10 kaV to 100 gV _............ 10 
>100 "'IV to:2 MeV .,._ _ 20 
~ MeV 10:2\) ktW _... 10 
;>Q(.\ Me'>' 5 

PrtCf:lIlS.OItler Itl.n 'eedl proICflS•.>-2 Nev .._ _ _ 5 
~ ~6I!l. 1166»0 Iregm;m ~ IlWE>f . 20 

• All \'aIUo» ,1!OIBI6 to 1IIe r8dlEl1Im 1nct1€flt ':l} IIl6 toxtf ~. 
b IntJ3f1Bl ~'C98. &1111R1 tllY1l ttoe l;CUQI.

• see pEf9gUlpll A14 In ICAP P\lII~am 61) tor ttoe ctlJb? 
Of vatUE'6 tor -:4ll'.f ra:Jl8lloo typE"> en<t _~ rot In lfli? 
1Il11o;j. 

11. Efje-cti~'e Dose 

Th... D...:xt ~tE-P is the- ·:;,alCula.tiOD 01 th€o ~1 .. 
t",,:;tivt' dc_. E. The probal:.ility 01 c-ecur
I'@one" ·:>1 a etc·::bAetic ..f1ect in 8 tissue- or 
orl':'Nl 18 as&unl ...j tv bE- propc.rtioUAl to til,; 
E-qui,al",nt ,Ie.!!'!' in the ti-.ue 'Jr c'rg'nn. The
cc.n",t(mt 01 F'1'-:·p':orti':.nalit~ .. ditfE-I"!' 10r tile 

Pt. 191, App. B 

YAl'ioUII ~iYu_ of the body. bnt in tUJ_ing 
hMltb d&~rlml!'n~ the total risk is require-d. 
Thill i8 taken into account UII~ ~ til!ll!olle 
~ighting facton. WT in Ta.ble B.2. which 
No~eeeJ1t ~ proportic.n of ~he stochAstic 
rillk rtllultiDg trom irradia.tion of thl!' til!ll!olle 
or organ to the total rillk whe-n \he whole
body ill irra.diA-ted uniformly aDd H T i. the 
~uiva1ent de- in the till8U9 or organ. T. in 
the equation: 

TABlE B.2-TISSUE WEIGHTING FACTORS, 

Wr' 

Gtna<la .• .•. ••..• ..__ 0.:25 
Ilr-r .._ .. . .._._ 0.15 
ReG IlOn8 IIIBIIOW _.. 0.12 
UIlIg .. ..._... 0.12 
T1IyY(j4 ._________________ 0.00 
80fte -rae. .________________ 0.00 
FlemaIrUer .____________ -Q.30 

'llIe v.... are COIlllId9l8CI b be sppq:lIlII'" ear pmB::llon
b lnlSlVIEluI!II& Of IlllIh_. end all &gll8. . 

- ~1I' PJIllOBlII If ClIICUJa1oll. tlIll1lrll8l'llllllll CIlrlIUIS8<t 01 
118 .~ 1IIiaIe8 (f "1JIIfl8 nat tpIlClIICIIff IIIlIlJ tl ,.... 9.2 
lIIIIl r9l:le'M' _ IIll1'&&t delle ~ a wet,JhIIIIg f8t1Dr 
Of 0.(16 .. lIJIPI8d Ii) Md'I If a-.1nCliIdlng .. 'I8IlOUt sec· 
Ions 01 lIle QlI&1IOInIIB6IIlra:t M1lclI •• natiId .. sept
.. agana. "* __ .. 1IIiaIe8 MIlt 0IlIIIM aoepI lne
IlInaa aID • _ IMIt end 1IIlIdI8. ,. eIlIn end Itle 
I8n6 Of lIle •. The ~ end 0IgllIB flI1ClUtI be 
8ll1l:tUl»tJ Il'a1I ..canpulIIIOII If Ha. 

m. Annual Committed fiuwe or OrgG7I 
1lq1d«Jlent DOle 

)'cor iJl~rna1 irradiat.ion from inc<rpon.ted 
radionucUdee. \h& total a.bllod'''d doe. will be 
lipread Ol1t in time. being cradnally delivereod 
..., the radionuclide d_YB. The time dis
tribution ot tb& abeorbed doee rate will vary 
with tba radionucllde. itll form. the mode of 
intake and the t.i1l1ll16 within which it ill in
corporated. To take ~unt of th1& dilltribu
tion the- quanti1Jy commit1ed equiva16nt 
dOlle. BT('T) wh&re i8 the integ-ra.tion time in 
7e&I'8 following an int.Lk& over any ~
ticular TNor'. ill uII"d ill.nd ill the int-eegrAl over 
tbne of l:Jl,:. equivalent dor.e ra-te iD a. plU
ticular ti811ue or orga.n th&\ will be received 
by an individUAl following an intake of ra
dioactive ma.terial into the body. The time 
p!'riod.. T. ill takeon tUJ 50 ye&r'lll &8 Ul a.verage 
tim... of E-XpC'ellI'@o following in~e: 

HT(f)= HT(l)dt£0+50 

'0 

tor a sinzle inta.k:e vf actinty at time t. 
when BTf t) 1& the relevaut equi",,1o-nt-doee 
ra.teo in a t1Mue cor org8D a.t t;ime t. For the 
purpc_ .:>f this pa.rt~ ~ pr£'Viouel:.· men
tic-ned Binl::'ll'! intake may be consid,H'e.j t-:> t ... 
AU a.nnual intak... 
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nt. Annual Committed EfffXtit't! Dow 

If the ,:ommitt&d equiva.1E.'nt .:loen to th~ 
individual tieeuoee <)1' .xga.na ~ulting from 
An AIlDual intab ore multiph,.,,f by the I\.p
pre.prist;.;;. w...ighting fActorfl. WT. ILDd then 
eunun~j. the r~l!ult will be the a.nnua.1 com
mitteod e-tfecti.", doee. El(r); 

E(t)= I wTHT("t)· 

T 

(O8 FR f£415. Di'C. 11). lJlO3] 

ApJ'~;oIX C TO PART IPI--GUIDA..~eE;FOR 
lMPLDIE..,,-rATIOX OT 81.-SPART B 

[NOTE: TIl,; flupplem~mt91 infe'rma.tion in 
this a.pp,mdb: ie not an inWgnU pazt ,:of 40 
CFR part 191. TIle-re-1ort>. the impl~menting 

agoe-n-::ie-e are not bound to 1ollow thia guid
AnGe-, How",r.e-r. it ill inclu~ bec&U8e it de
ecribe-e the- Agency's &IImmptione regM'ding 
the- impl~mentation of Btlbpe.rt B. This ap
peondi:t will app.e.e.r in the Code of Fed:eral 
ae.gula.tione.] 

The Age-ncy bEoli&vee that the imple
menting age.ncies muet dete-rmine compli
AnGe with Ul91.13. 191.15. and 191.16 of sut-
JlI!IZt B by evalua.ting long-term predictiODS 
of diepol!&.1 ~'et6m p&rfonna.nce. De"nnilling 
compliance with §191.13 will 91so involve pre
dicting the likelihood of eVE.'ngj ADd prOf> 
eeeo!"' tha.t may di.rourb the diepowl!lyetE.'m. 
In making theee VUiOM predictione. it will 
be a.ppropria.t& 101' the impleml!l11ting agen
dee to make ME.' <:4 rather complE.'x computa.
tie-n91 mooE.'ls. an91ytical tho>oriee. and ~v
Alent ..xpert jUdgml!l11t relevant to thEo nu
merical prooictiol18. 8o.bet6ntial UDC&1'tain

tie8 a.re likE-ly to be ~oun~ in ma.king 
th~~ prP.'dictione. In fact. eole nlia.uce OD 
th,,~ num"ricaJ predictione to deurmin& 
compliMlc.e- mAy not be a.ppl'opria.te; t~ im
plem~nting ~ncies ma.y cb~ to auppl,;
ment ench predictione with qualitative judg
moe-nUl Bill ~IL Becau8e the pr<:ocedul'ee for de
urmining complia.uce with !!'ubpo.rt Bhavo:;. 
not b_n fonnula.t",d and ~ted ~....t. thilll ap
pt'ndiz to:> th... rule indkat~ the-.AgenC)tll /\,8

eumptic'I1!l rege.rding ,:ertain ieauell that mav 
a.ri~ wlwn implementing §i191.13. 191.15. and 
IP1.16, 1!Ollt (.f this guida.no::e applio?'! to Any 
t}'P'=' of ,lispo!lal l!Y"teom fe.r t.bh wast;:e co..
",r"d by thi@ roll!>, However. eeo....rn.l _::tiCoI18 
a.pply ,:-nl)' to diBpc-.I in minE'd geoQlogi,:: r~ 

po"it-:·ri~ a.ud wljuld be- inapprc.priMe for 
oth.;.r t).lIell e,f dill!":OW 8).Tflt€-me. 

C":'lsid"roltiorl ojTQtal Disposal Sy~Nl'I. Wh"n 
pr.,..1ktinl; dispo8al "Yllt..m per10rmanc€'. th..,. 
~",nq.. aBlIlUl"D"" that reo811owU·l,; pro)",,:::t;i':'D6 
ot th", pl':>t....~tion exp€>cte.d tr-om ,'\lI ·:>t the- ...n
gin",...r~j and na.turnl harri€'n ot I\. 01181":-.1 
":-...t",m will bil con..id..r€>d, PC>1'tion~ ')1 th" 
di~.)"a.l ~'l!!t-;.m shc·uld no:ot rA di~axd ..d. 
"'.....n it prc'J~~~1 pe-rf·:·rD)anc.,. 18 unc.;.I't8in, 
...".::ept t('I' p)rtic'D8 ot the <f}'etHD tha till ..:£:... 

40 CFR Ch. I (7-1-06 Edition) 

negligible contributie-na to the ovoe<raJ.! isola.
tion provideod by the diSP0891 eystern. 

Scope of Pe1'{ormance A»l!&srrJents. Section 
Ull.l3 nquiree tbit implementing B4:'enciee to 
eVA.lua.te compliADce 'hrough performance 
M8e-eem~nta &II defined in §191.l2iq}. Th€' 
Ag&ncl" Msumee tba.t aueh p&rform&DCe &8

I!oM8ID6nte nMd not cODeider ca~riee of 
eveonta (4" proC>eMee tba.t ~ eatirna.ted to 
hsv& 1_ thEm one chance in 10.000 or occur
~ O\"@>r 10.000 yesn. Forth.ormore. the per
tormanceo BlYeeamentIJ need not evslnQto& in 
de-ta.il the releAIIee from a.l1 events and P'OC
._ eetilnat.ed tlo ha.ve a. greabll" lik&lihood 
of occurrenc@. Some <:4 th"e 8V~mtlll and 
~1::@8ee' may t:-. omittold from the pmc-rm
aD<:& aeseeaments if there is a 1'lM\Ilc.nable ex
peoctMion thAt the remaining probatdlity die
tributi<:oD of cumnla.tive rele.en would not 
be eitmifi~tly cha.n;;ed by such omieeioIm. 

Compliance lDirh I1Pl.13. The Agency M

eum" that. wbellEover practicable, the imple
menting agency will aeeemble all 01 the re
eQ}ta of the p&rfol'JD8l)C8 &II_mente to de
termine compliance with 11111.13 into a 
"complemeon~ ClUDul&tiveo diatribution 
function" that iDdlcawe the probability of 
ucHding variou8 lweb of C1DJ1uJa.Uve re
1_. When the uncertAintie, iD p&ZalDeters 
U'& considered in .. performaDce ..-neDt. 
the eHectfl <:4 the uncerta.i11tiee coneidereod 
can be incorporated into a. eingJe such dis
tribution mnctlOD for Mcll diepoe.l eyetE.'m 
cemeidt"l'ed. The .\gene)" &II&1Ul1&8 thM a. di8
poeal eyetem caD be CODllidered to be in COIn
plill.DCe- with t1t1.lS if We Bingle diettibution 
function IDMte the requiremenbl of 
f191.13(a.}. 

Compliance with Jf19l.15 and 111.16. When 
the WlCertAintin in undi8turb«l perform
ance or a. diepoul syet;.;;.m are cODflidered. the 
implementing agenei" need not require 1oha.1
a. very large percentage. of the range of eeti
mated radiation gp08uretl <lII" radionuclid... 
CC'Ilc€'ntratiom tall beloW' limite eet6blitJled 
in §flP1.lS ADd 191.16. ~tiv@oly. The Agen
cy e.leumee that complia.nce can be deter
mined baee-d upOD "bEet eetimate" pre
dictioue (e.g.• the mean or the median of th.,. 
a.ppropria.te diatribution, wbichev&r is high
er), 

Institutional Co,urol3. To comply 111th 
U91.H(a.). the impleme-nting ag.:.ncy will M
eume that none 01 the active inlltitutiv~l 

controle prevent (4" reduce radionnclid.. re
l@0A8ee ter more than 100 Y4NlZe a.tter diBpe<'!'aJ. 
Howev&r. tbit Federal Government 18 com
mitted to reta.ining ownership of R1l d18p<:-.1 
eib& for 8p6nt DUClea.r ruel AD:) bleh-level 
a.nd U'a.n8nranic radiOQcti~.. WMtee And will 
8,tablish apprOJ:riato& markere and recordll. 
coneiBt€-nt with §191.H{Cl. The Agency &8

lMUl1ell that, a.s I~ as 8uch paeei.... institu
tic·na.l contl"C'le ",ndurt> _01 axe unde-ret;.:-;·d. 
th"'¥ 11) Ce.n be- e-rr~tiv", in detE'rring '!IY"J
umBtic err ~r"iI!ltent exploita.tion of til€-",", 
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Environmental Protection Agency 

o:1i81--'::>l3o.1 Mt"'e; IUld 12) ·:;"n r ....1uc<.; th.. lik.;.li
hood .:-t ina.d\·H""to?llt, inti"lTIlittnut, htunan in
trusion to a. d~",,,, to !J.,. do;.tfrmIDed h)· t.h.;, 
impl<?mentm!,: a.go?n·~y. Hc.w"v",r. t.h" Agi"ncy 
b",li.....<?e thM p~i.. ", institutio;.n~ '::001,1'(.119 

':Bl1 n",',er 1:0.;. a.e81illl",.1 to diminl"t", th", 
chan.::.,. ':·1 IDnd>;€'rt"nt and intermitt"nt 
huma.Jl intruei·::>n int·:, th"e<.; .1iape_1 eitEoe. 

Consideration of Inaci..'ITtEnt hTtanan Intru
sion ~ntD Gt'ologic &7osirorit?3. Tho? moat epe.c
ulAti....,. p':.~ntiil.l .Jieroptionl! d .1. min",d ge.:.
logic r&poeiton' ~e tb(·ee. B_:·daue..l with in
a.jvEor~nt hUlUtU) intruMon. ."lorn... m- of 
illtruei')D would hew.; virtuo.lly no .,.ffE>Ct on a 
r-.<~.)Bit·:·ry·e .x·nwmu",nt ·:.1 w_te. On th,-, 
oth..r hand. it ie p':'llI'libl,-, te. Gonc"ive of in
tJ:lleion~ ,ilrlt~c·lnnl; "'id~prfowj &o.:,i~tQ.l lo~a 

of kn.)wled~" N':::i\rdin~ nvlioa.:;ti";'.;. ...."et<'11) 
t.ha.t could r ....ult in rnA).)r di81uptio~ that 
DO r"a<;<.:m",t·l .. ri"pc"!-itory ~l...::ti.:.n 01' d ..eign 
pr...:<\-utie·ne .~ouJd ,~I.;.vi6t&. Th.. Ag..ncy b€<
Ii..v..!! that th.. mO'!lt pr>::>ducth-.;. coneid"'r
Ation .:.1 inado;-..rt"nt intru",i(·n ·:;on.::erna 
thC<'le l'€·o.listi.: pO:-~"libiliti",e th'l.t ma.y h'" ue~ 

fnll..• rnitigt1.te-01 by r"'1"0<litoIY de-..ign. "it'" Bol" 

lecti.:.l1. or Ue€< c-f P.!\Jl~l>;ol' ce·nttt·lB Hl.lthough 
pEIoa,.j,,~ in~t.itutiollal .:>onue-le .-he-uld not bi> 
1I.Il8Uln....l t.:. co:.rnpl .. t€<ly rul", out the- p':'f.P.oi
bilitv 01 intlu~i·)nl. There1c·r-e. IDody.,rtE<llt 
IUlCl 'int"'lnrit~nt inttu~io:.n 1:." expl.)rM.:.1j.' 
drillil1\,:, for ~·urc,.." •other than any pr':,
vided t." th.. diBpe-.l 8)~t...m itJil,;,ln CEIJl b", 
th.. UlC>et ~Ye!..;. intruekn .,.:;ent'l.1'io ~UlU ..d 
by tb", implHn.;.nting e.g-enci"8. Furthennc·re-. 
th", ilnpleme-nting ag..nd8'8 CEIJl llIill'IUlU€< that 
pEIoaMV8' inetitutie·no.1 cc'11'tro::>16 ':.1' the intrud
€or",' 0·••·11 "'Jtplc·rt\tor;.- pro'::6dure-s a.r.. a.i..qu"to; 
tor til.. intrud';'nl to "'0(·n .:l€<t€oct. cor bi> warn""l 
01. the inc·:.mp...tibility ·::>1 th", a.r'-'tl. with the-ir 
a.>:>th'i ti E'e. 

Frr':quencli and Si"t!~...,.itjl ol Inc.d.r~-rte-nt 

H.m1i:i1'l IntrtiZion into Geoloqi<' RepO;;:tOTieS. 
Tb'" implement in,\? ag.;.nde8 she·uld cC<UI!<ider 
th.. e-l1"•.'t;" ·:1 e".:h partkult1.l' di'lp':-.l "Y"!' 
~m'B @olto;. d", ..ig:l1. t\lld I=''\8eiY~ institutionil.l 
contr<·l,;o in Ju.Je:ing th.. lik€<liho-:.d and ':»l}
_:.IU..11C,,"'" c.1 ",uch IDiV1..",rt€<nt ~xplorl\.t(.ry 

drilling. Ho·.....\·er. th& Ag",no:y a~lU11&8 tID."'t 
th& lik.. liho·:.d ·)1 ,,"u·::h inA...tv..rt~nt A11d int,,!
mitt"'Dt. drilling n.;....1 U(·t be tAk",n IX· b", 
gTi>,"'t..r· thAD 31) bc.r&h:-IH p.;.r "":jut1.r.,. kil.:-
m ..ti"r ·;·1 l'"poeit.:·rv a.r..e. p..r 1'31)(>(. YEoa!"!' for 
g~tJh:~;.."i(" r~poeito:tIi~ in pro),Xilnit.y to ~~li

melltar::: ro:·:,k 100·n11",tio:·n .. , c·r me,r.. th..'Ul :3 
bo)l'E'ho1~0I p~r e'lu...1'''' kil.;>m~tH p~r lOJIOQ 
yE'll-I"e le·r ri"po:~itoriE'e ill oth",r ~i".:.l.)gk 101'
mati';.l1S, FtU'th..rmore. the AeE'n·<y t1.~lUnE'e 
th..'l.t the ·;(·neo=-:ju..nc"",,, 01 eu.;:h ID ......h·"'rto;.nt 
drilling D.;...tl n·:>t t·", as~um",J IX· bi> m.:-rf Si"
0;-",1'.. t.ht= ,1, Dir...::t ro;.lo;~ t·:· th.. land "'lU'

1<".;.;. (·t aU the ~oUlld "'M..t"I' ill tbi> r';'j:.:,eit·:.ry 
hc-rizon tllAt ....c·1.11d prompt.}y 110:..... thrNl.~h 

th.. n.,.wl,.,- .~:r.;.A.t ..·J b·:·r"h,.l.. to tho;. eurl::v:,-, 
du f to :O."turll1 litlE.",t<",tl-:' pre"8nH---)r 1it 
p·unlpnl·~ ""'·:·ul·1 b;; n'qui!'·.;.d to:- n"i~ .....atH· te· 
th~ ~w1(\.o-':;~ I r~l~~,=, ·:-1 :::bt) ·:ubi·:.;. lu€'to:-r~ -::-f 
gl'·:·Ulld ·.""'t.",r plUl1p~.1 te' the 8t1l1::v.." it th:<.t 

Pt. 192 

mu.:h wa.t.?r ill NoAdily a.vailabl... to b... 
pUIDpOO; and (2) .::I"<'A.tiOD of a gronnd '.vat",r 
tl"w path with a perm~a.bility typical 01 a 
b,)r€'hol", tillo;.d by th€' &oU or gnw..l th.."l.t 
would norrna.lly S6ttlll into a.n eop..n hoi.. ov~r 

tim_not the ptlrIU€,fI.bility (·f l'l. .~",full::r 

~i"d bore-hoi... 

[50 FR :30084. Sept. 19. 198!>. Roeo:l~naue.:l and 
Anl ..nillod at 58 FR 66415. D...:;_ 20. 1~) 
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Appendix G
 
EH Guidance on Code of Federal Regulations, Title 40, Part 191
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m81Rorandum 

• 
AU9ust-6, 1999 

Air, Water and ~ad1ae1on Division (EH-412) 

pertormanee A.sessment for Greater Conf1nement Dispo.al of 
Transuran1c Maste at the Mevada t.at Si~e 

10	 Carl Ger~z
 
As.1st.nt Manager tor
 

Env1ronmenul Manaqelftent

Neva4a Ope~ations Offiee
 

Marie. N. Fr.i 
Aee1nq Assoclate Deputy Assistane 

Sec:retary tor Wa.te ManageIMnt
 
Environmental Mana9_ent
 

At the request of ~he Nevada Cpe%acions Office (NVOl, we bave 
prepared quidance tor preparatlon of • perlormance •••••saent 
(PAl for closure of a 9reater ~onfin.Ment disposal IGCDJ 
fac:ili~y tor tran.uranie (tAU. waste in the Are. S ~ad10act1ve 
Wasce Mana9emant S~~e <~NMS' at ~he Nav.de Test S1te (NTS). The 
9ui~anee Ise. attachment' has been prepare4 b••ed on our general
oversight .ythoci~y as well as our speciftc .vtho~Lty, alon; 
with EM-30, under Section II.2.b ot 00£ 5820.2A ISection t.2.£.1 
of M 43S.1-1) to approve disposal of TRO wast. by disposal
methods other tnan ~he Waste :solation Pilot Plant. The 
g\Oid"nce ;'5 eonsistent:. wieh tt'lat qcidance pzovided veA:bally by 
£K-412 staff at meetings held in Las Yeqas in Nov~er 19~e. 
Drafes of the quidal'lce were prc·... ide<1 eo NVO ar:Cf E!f-JO pax.onnel. 

Th& at:ached guidanca pert.1na ~o the applicable version of 40 
CFR 191 to cons1der tor the PA, the use of appropriate dose 
&5Sessment methodclogy, t~e sc:pe of waste to be considered. 
conaloaeration of inadvereent intrusion, and the Part t9l 
ass~r&nee requir.m.nt.~ 

Sa.ed on the rul.lIlAlk1nq record, r;PA nee "grandfethered" the GCe 
!a~ili~y to th. 1985 version ~~ ~art t91. A!t~Q~~h ~s.. ~f :he 
l~eS vera10n 1. ~hys germ~ssible for purpose. of compliance, NVO 
sh~~ld eonslder the 1993 ve:sior. to be tel.vanc fo~ purposes of 
information and compar150n. 

~e 4150 recommend ~hat ~he an8lysis ~nc!~de 4 c.~eulation of 
~n~~7i~u.l doses in ter~5 of e:fec~~ve dose eqUivalent, ~sinq 
?~~-appr?ved do~~ eo~vers1on fae~ors (~ederal GU1danee ~epo:ts 
.J ...~be%5 41 and .",}. r~rthe::mc:-., ~he analysis should consider 
all waste iincludinq high actlvity low-level waste} 1n t~e tour 
GC~ hor~ho~es that contain TR~ w~ste. .. 
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For inadvectent intrusion, NVO should consider the s~te-sp.cific 
effects ot the disposal system's environmental and des1qn
attributes, local customs and construction practices, and 
institutional controls when determining intrusion scenarios and 
judging the consequences and likelihood of intrusion. 
Reasonable limits should be placed on the severity of the 
assumptions used to select intrusion seenarios and their 
frequenc1.es. The seope and probability of intru8ion events 
should be 1argely based on informed judgement. Our 
interpretation of published EPA guidance (AppendiX C of current 
40 CFF 191; for the GCe boreholes is included with our guidance. 

finally, the scarting point for en. lOO-year analytical limit on 
active insti:utional con~rols (40 CFR 191.14(a), should be as
sumed to occur immed~ately af~er disposal system closure -- i.e. 
when all plan~ed engineered barriers have been i~stalled tnat 
are expected to $ignifica~tly stabilize the disposal configur
a~ior. or to minimize disturbances by human or natural processes. 
Additional information is contained in tne attachment. ~lease 
contact us if yo;,) have questions about our recommendations. 

lsI 

Raymond P. Berube 
Dep~ty Assistanc Secretary

for EnVironment 
Office of Environment, Safety

and Health 

;"ttacr.ment 
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o<Iiee OC-'PYiEsQzsnt·1 "liAr sn' !"tatenae APid.ppe
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,., ... Qgater Co.fin--' fti .'S&1 at; tlw ..... Teet 'ite
 

The Area 5 Radioactive Waste Management Site (RWMS) currently 
covers 91 acres and has been used since 1961 for disposal of 
low-level (LLW) and mixed low-level radioactive waste in a 
variety of pits; trenches, and c;reater conf1nelllen~ <1ispoaal
{GCDl boreholes. Startinq in 1984 and continuinq throuqh 1987. 
mixed TRU waste (mostly in the torm of classified accident 
debris from nuclear weapons' was placed in four GCO boreholes, 
alonq with hiqh-activ1ty LLW pri.neipally containinq Cs-137.'j) 
The four boreholes have been backfilled and operationally 
closed. By 2006, NVO plans to place a final cover over the 
current pits, trenche~, and boreholes. At the same time, NVO 
will extend LLW and mixed LLW disposal operations to the 
contiguous north of the existing 91 acres, and Within ~he 
confines of a series of berms pl~ced to protect the disposai 
area from floodin9. NVO expects that closure of the entlre 
disposal ~rea would occur about 2070. 

NVO is prepar~nq a series of documen~s co address waste 
management activities ae the Area S ~WHS. NVO has prepared a 
performance assessment ,EtA) to address LLN that had been 
emplaced in the Area 5 RMWS since Septe~r 1988, as well as b 
composiee analysi$ {CAl that addresses radioaetive matecial 
(inclUding other waste disposed at the Area 5 RWMS) ~hat may 
interact w~th the LtW add~essed in the LLW PA. In addition, NVO 
~$ p=eparing a PA that specifically address•• the TRC waste In 
the four boreholes. The intent of this latter PA is to 
demonstrate compliance with 40 erR 191, EPA's "E:nvironment.al 
Standards for the Management and Disposal of Spent Nuclear fue:, 
High-Level and Transuranic Radl0active Wastes." 

~hen EPA originally promulgated :0 erR 191 i~ 1985, E?A 
jus~ified the achi.~ability of the s~andard in :erms of ar. 
analySiS tha: solely considered cisposal of wasee in mined 
geologic repositories, assuming placement of waste at a disposal 
horizon of abou~ 15CO feet below :he su~face of the earth. 
Nonetheless, EPA ap91ied the stanaard to any disposal ~e~~cd 

- T~U was~e w~s emplaced, and boreholes backfilled, in Borer-oLes 
through 3 dur.:.ng 1984. TRU an·d high-actl.vi ty low~ level. wa:Jte w.a$ 
emplaced in Borehole 4 during 1965 through 1987. Baekfilli~e And 
opera~~Q~al clc5ur~ oc~~rred for Borehole 4 d~ting 1987. Wa;te was 
~:aced i~ a:1 feur bc:eholes to within about 70 0: the ear~h's 
g~l:face. 

Low-Lnel WilSIe Dispostl/ Ftlci/ily Fetle1Vl1 Rni~ Group M,,"uaJ 
RCYllioD 3, .IUDe ~OO8 
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o~h4rehan disposal directly into the oceans or ocean sediments. 

The standard included the criteria 'discussed below (compliance 
with the first three criteria would be demonstrated by 
performance assessment): 

o	 COft~..-n~ ~~~1on .. a limit on total quantity of 
particular radionuclides released into the accessible 
environment over 10,000 years followlnq waste disposal: 

o	 IftcUY~cb1&J. p~~UOft ~i_Z:i.oa .. an annual dose limit (25 
to whole body and 75 mrem to any or9&n) tor individuals in 
the accessible environment over 1000 years following waste 
disposal; 

o	 Gl:cnaA4Iwa~.Z' pz:oaac~1on c:d.tezoiora .. compliance with drinkinq 
water MeLs in any "special source of drinking water":~; 
within the controlled area of the repository, over 1000 
years following waste disposal; and 

o	 ~.Q%Aftoe I:~~n~. - Qualitative requirements 
pertaining to use of active and passive institutional 
controls, monitoring, resource avoidance, and so forth. 

In addition, EPA published, as Appendix A to the standard, a 
table listing activity release limits for radionuclides subject 
to the containment cri~eria. Release limits are prOVided in 
terms of activity released over 10,000 per unit of either high
level waste lKLW), TRU waste, or spent nuclear fuel (SNFl. 
EPA also published, as AppendiX B to the standard, quidance on 
implementi~9 the standard (i.e .• guidance for preparing PAs). 
Al~hou9h some of this qUidance pertains to any disposol method 
covered by the standard, some applies only to a geologi.C 
reposJ.tory. 

The standard is applicable to waste disposed after 19 September 
1985 ~40 eFR 191.18). EPA's stated intent was to exclUde 
coverage of TRU wastes that were disposed before OOE procedures
for TRU waste management were adopted in 1970. :). 

Portio~s of the standard were later remanded by decision of ~he 
First U.S. Court of Appeals. The current version of the 

: A Hspecial source of drink1ng water- is defined in a way thaC 
excludes the groundwa~er under the GCD boreholes from consideration 
:herefore, the groundwater protecc~on cri:etia in the 1985 version 
of 40 CFR 191 would not be applicable to the TRU waste boreholes. 

, "Some t.rar.s~raoic wastes prod~ced ~n support of nat .l.or:al de fense 
programs were d~5posed of before ~he current DOE procedures for 
~ra~su=a~ic was:e management :0 19 7 0. The exclusion of wastes 
a~~edci disposed of applle! :0 t~e~e t~~~~~:anic wastes. for which 
selec:_on of d~sposal system s.l.ces, deSigns, and opera~icndl 

techr,:..ques are no longer options" [19 Sept:ember 1985; 50 fR 38C70}. 
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standard, which EPA re-promu.lqated in 1993, contains 
requirements that are more s~ringent than those issued in 1985. 
tn particular, E?A made ~he following changes to the standard's 
individual protection and groundwater protection criteria: 

° 

o 

%Ddi~i4u.l ~~~iOB - Changed the- dose l~mit to 15 mrem 
(ede) in a year, and extended the analytical time of 
compliance to 10,000 years; 
Q~oUDdw.~~ P~O~~OD - Made the crite~ia generally 
applicable to any underground source of drinking water, 
moved the point of compliance to the accessible 
enVironment, and extended the analytical tiroe of compliance 
to 10,000 years. 

Furthermore, EPA modified the standard to indicate that the 
~n4ividual and groundwater protection criteria apply to all 
waste in a disposal system -- 1n the event, for example, that 
commercial GTCC waste was disposed with HLW in a qeol09~c 

repository. EPA stated that this change was merely a matter of 
clarification. ~ No changes were made ~o the co~~air~nt 
criterion, AppendiX A, or the i.mplementation guidance (except 
that this g~~dance was reissued as Appe~dix C of 40 erR 191). 

The groundwater protection standard is applicable to waste 
disposed after 19 January 1994 140 CFR 191.27\. 

~hen promulgating the 1993 version of the standa~d. and in 
response to DOE; comments on the proposed rule, EPA indicated 
that 00£ could assume the 1985 version of the standard would be 
applicable to the GCD boreholes contai.ning TRU waste. Because 
corehole disposal began about the time of publication of the 
1985 version of the rule, EE>A in 1993 ··grandfathered" the 
boreholes to the 1985 version of the rule. ,~. 

"See p. 2-25 of U.S.EPA, "Hiqh-Level and Transuranic Radioactive 
Wast-es, Response to Comments for Amendments to 40 erR Part 191," EPA 
402-R-93-0 i 2, December 1993. 

·~.f ... The Agency believes that it is reasonable, due to the 
~esiqn nature of the ... standards, that the standa=ds .~lch were 
In eXisten~e from 1985 ~~til the First C~r~uit d~cision i~ 198' 
~17 J~ly lJ8 7 J are appropriate to be used fo~ act~vl~~e$ wh~ch 
occurred, or were begun, during that time rather than imposlng 
~ew a~d di~feren~ standards or. such ac~ivi~les. . .. Dlsposa: 
whicn occ~rred on or after November 18, 1985 un~il ~he eftecc~ve 
date of today', ac~ion is subject to the standards as they 
€xis':~d O~ Novembe!: 19, :965." :28 ~ecembe: lS'S;'i 55 FR 664l2' 
"~'"'A . f! .. DO- ' . - . 
~~ l~.or~e~ l -;, pr:or ~o t~e :~rst C:=~~i~ Qe=~sion in 1387, 

that the 1985 verSion of part 191 was appl~~ab:e co ~ny disposa: 
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"iMnee 
Guidance is pro~id.d on the follovin9 issue.: III the 
applicable verS10n of 40 erR 191 to ecnslder tor ~ne PA. (2; :0. 
use of appropriate inee~nal doae aas•••••nt ••thodoloqy, () the 
scope of waste to be considered in the PA. (4, conside:at-ion of 
inadvertent lntru~ion, and (5) the interpretation of wdiapos.l 
~ith respect to the Part 191 assurance requiremen~s. 

App~1c&b1e ~.~OD o~ .0 era 1.1. Given EPA's st~tements in the 
:ulemakinq reeo~d, NVO may consider the 1985 version ot 40 erR 
191 to be the applicable version of the standard. Nonetheless, 
NVO should consider the requirements in the 1993 v.rs~on te be 
rele'..ant. NVQ should include an analysis in the PA that 
compares the proJec~ed performance of the four TRU waste 
boreho1es aQainst it. Such an analysis would not be Eor strict 
purposes cf regulatory c~pliance b~t for purpose. of 
infor~tlon and comparison. 

We recommend this action fer the followinq reasons: 
o	 Because the 1993 Y.rs~on ot ~h. standard is more stringent 

than the 1965 version, increased aceeptance of the borehole 
disposal sys~ern may result if a case e&n be made that 
compliance with the more strinqent standard is likely. 

o	 Th~$ action would provide more information than would an 
analysis that considers compliance with ehe 1985 version 
alone. For example, althouqh tne groundwater protection 
=riteri3 35 stated tn the 1985 v.rsion of the sta~dard is 
of no praetical application to t;he GeO boreholes, ... there 
is interest in oota1nlnq information about ehe 9roundwa~er 

pat.~loIay. 

c	 This action would ~ni~ize poSSible ~bj.etior.s to the 

act~vltles at the Greater Confinement Disposal (GeD' racil~:y. 

Therefo:e. any radioactlve wa.te thAt was disposed ac the Gee 
FaCll.l":.y .l.$ 5ubjeet to all of l:he requirements of 40 :n"- par': 191 
p::omu.lqat.ed i.n 1995, and neither the First Circu.~ dec~3;.on, :.~e 

w:?P LWA, nor coday's p:Qmulqation of revised regulat;.ons cha~~e 

:hat .jE''term.ll1aUon" (20 December 1~93; 58 Frt 6641>; . 

. A spec14: $c~r=e of ground wacer mea~s "Class ! 9ro~nd 

waters ... ::-:a: '1) are within c~e c~ntro2.:'ed area encornpclss;.r"".; .it 

.:i:.~pogal. 5y,;~e~ :.')r are less than :i;.~e l<.:.lomet.ers beyo:-.c :.r.e . 
cont!"o:led ",:-ea: 12.; are supplYing dr:.nkinq water fo!: th,')'.l
sands c! pt>rscns as o! the date thd: tne Oepartment :::~.0:ses .'l 

:~Catlo~ w1th1~ that area for detaLLed cna~acterizat1on... ; an~ (3) 
are :r:ep:ac.able ~n that no rea~onabl@ 41terna~~~e sou=c~ c! 
c=:~~~ng ~at~r is b~~~l.bl. ~o that pcp~:at~~n- [ltl.~~:g' 1. 

~	 .... f;OI g .~ ..~~~~~t,~n! are ~~~~: ~?: qlo~nd~ater b@~eatt :te A~e· ~ ?~W~__ ~ , 

:leac!y not ccn:l:lC~ 2 and ar9uably not =o~di:~o~ 3,. 
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·analysis based on differer.~ possible interpretations of 

"di5po~al~ as :his term is defined in 40 C~ 191 (see 
below) . 

o	 This action would minimize possible technical objections
 
reQardinq use of outdated internal dose methodolo9Y (see
 
below) .
 

" ••	 o~ "l'PE'opzo.iat.a iDM~nal do............~ _~ocIolO9Y. The
 
individual protection criteria in tne 19a5 version of the 
standard are in units of dose to critical orqans. This older 
dose mechodoloQY has been larqely replaced in the US by a newer 
effective dose syscem. 

We understand that for the PA, internal doses to critical organs 
are be~ng calculated using dose conversion factors derived from 
!C~P-2 models. Although the rationale for doing so is 
unde~standable, we believe that presentation c! results using 
this system would be lik.ely to result 1.n technical objections 
which would detract from the analysis. whatever its other 
rrerit$. To avoid such objections, and to help a reviewer to 
COI'lcen-=rate on relevant J..ssues, we r~comm.nd adding to the 
analys~s an assessment that provides results in terms of 
effect~ve dose equivalent, using DO£-approved dose conversion 
fac~o:s (i.e., from Federal Guidance Reports Numbers 11 and 12). 
ThiS recommendation is consistent with our recommendation about 
the reievancy of the 1993 version of Part 191. 

Sco... o~ the "ute to be COD.j,de~ ift tile ~A. For purposes of 
analys~s. the PA should address all waste in the four T~U waste 
boreho:es. That ls, the FA should consider waste emplaced in 
the ground before 19 September 1985 {the first three of the four 
ooreho:es}, as well as any high activity LLW placed with the TRU 
waS~9 ~n Sorehole 4, we make this recommendation becau$e; 

o	 Th~s action would provide more information than a more
 
rest~ictiv9 analysis, including information nec9ssary to
 
assess the potential tor long-term compliance wi~h other
 
applicable DOE requirements.
 

o	 It ~ould miniml%e possible objections to the analysis based 
on different possible in~e~pretaticns of "disposal" as this 
ter~ is defined i~ 40 erR 191 ,see below) . 

o	 :t would De consistent with EPA's position in ~he 1993 
rulemaking record that the change ~n wording for the 
~ndividual and groundwater protection =r~~~rla to conslder 
~ll waste within e disFosal system was merely a matcer of 
=lar~~~ca~ion (i.e .• applicable under the 1985 as well as 
the 1993 versions of the standard). 

Therefore. for purposes of the PA, NVO should conside~ ail waste 
1n all =o~r boreholes for purposes of complia~=e with the 
~~dlv~jual and grcun1water pro:e=t1on crite,i~, but iust :he TRU 
""as~e wlt:'li:-: the four boreholes for: purposes 0: co:r.'Pl~anee ·.. ~th 
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the containmen"t criter:..on. '; The PA need not address ",as~. 
othet til"n th.at within the four: boreholes. 

Cee.iderat:i.oc of ~teft~ i,,~iol\. Compliance w1 th 40 erR 
191.13 requires an analyst. of the eon~.quencla and 
tH:obabili-:US of inadvertent 1nt~usion i.nt.o t.he clJ"sposal 3yatem. 
As a general principle, NVO should consider t.he .1te-specific 
effects of the disposal system'. env1ro~ntal and de.1;n 
attributes, local lOX revional, if eppcopriace' custOMS or 
~on!truction practices (includ1nq ",ell-Qrillinq practices}, and 
oass~ve lnstl~utional control. wnen determlninq intrusion 
$cenar~o5 4nd when judqinq the consequenc•• and likelihood of 
the~e scenarios. The disposal system should be ;us~ified on its 
~wn slce-speeific m-ri~. based on common-sense analyses and 
rac.onale. 

In maklng this recomme~daeion, we recognize, as did EPA when it 
promulgated Pare 19:, that it is possible to hypothesize 
~ntruder scenarios so .evere that no conceivable disposal system 
cou:d be shown ~o meet the star.dard~. That is, reqardless of 
the si.te select:j,on criteria or des19n p.cecaut.ions, it. will 
lllways be possible to concoct an i.ntrusion event that can be 
hypoth@$t%ed to r.leasA contaminants in excess of require..nts. 
Accc:dingly, we recommend that NVO's selection of intruder 
sc~r.arlOS be qU1ded by reason -- that reasonable limits be 
placed O~ ~he severity of the ass~tions used to make the 
assessmenc. In so ••y~nq, we are qu1ded by the belief that 
~nadver~ent ~ntrusion is an hypotnetical construction -- 1t can 
never be proved nor disproved. The most productive 
considera~ion of inadver~ent intrusion for closure of the TRQ 
wa5~@ toreholes conc.rns tho•• realistic po••ibili~1e. that may 
be usefully mitigated by disposal systeM location or desi9'n, or 
pa5s~ve ~nstitutional controls. Anc, because we believe that it 
1$ lmpossible to develop a "correct" esti~~te of the scope and 
~:~tabt:~:y of aMy lntrusion, that such an assessment needs to 
be la~qe:y based on informed judgement. 

In Att.achmen:: 3 to ':hi.s c;Jui.dance, we have provid(IJd additional 
recc~e~d.tions on in~erpretation of p~bllSh.d EPA guidance 
(Appendix C of eXlstinq Part 191) for purposes of the Gee 
boreholes, T~is interpret4tion is nec.~S4ty because some 
portions of the EPA guidance are ~ant to apply to geolo9ic 
repcsltorl@S, ~nd ~here!Qre speCial conSlderation is needea tor 

·~n:lke the lnd~via~a: and groundw4cer pro~ection cr1teria, the 
cont:a:.r.ment crl':l!rlCn ~s expr.ssed in t~rl'l'S of units of waste. 
Because ~h~ onl; waste unlts provided in App.nd~x A of the sta~d~~d 

,"}t'e f:.:- :-;:"W( 7P'...· 'N·1~te6 and SNF, there l..~ :'".c r.~~-lrement ~n Fa=: 1'S'1 
~; ;ens~~et ~~~ ~:W ~~ So:ehcle 4 f~~ purpo~es o! the conta~~~@~t 

(;:~~f.:::.i..cn. 
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appl~ca~ion of these portions eoehe GeD boreholes. 

Xft~.zpzebUOD o~ "cUapoaaJ." rith Z'.apec~ ~ _8UZaftOe 
r~ir...ft~.. The P~rt 191 assurance requiremenes call for 
cer~ain activities thae are affected by the timing ot wast.e 
disposal. Significantly. e~A requires that'"performance 
assessments that assess isolation of tbe wast.s from the 
accessible environment shall not consider any contributions from 
active insticutional cont.rols for more than 100 year. after 
disposal" [4G CFR 191.14(.1)]. Monitoring and recoverab111ty 
requlrements are also imposed thae are timed to take effeet 
after disposal has occurred (40 eFR 191.14(bt , (£»). To comply 
wi~h these requirements, one must define when disposal is 
assumed to occur duri.n9 the lifetime of the disposal facility. 

Our review of the standard and rulemakinq reeord suggests that, 
for p~rposes of boreholQ disposal a~ NTS, the definition of 
"disposal" In ?art 191' ean be i.nterpreted in more than one 
~ay. ~e believe that this situation exists because although 
Part 191 app1... es to any land-based disposal system, it was 
writ~en by EPA under the assumption that it would be prima~ily 
applied to waste disposal in a mined geologic repository located 
seve:al hundred meters below ground. 

Nonetheless, our judgement is that for purposes of analysis of 
NTS corehole disposal in compliance with 40 erR 191.14(a), the 
lOO-year aetive institutional eontrol period should be assumed 
':0 begi~ im:nediately afte!' disposal system closure.:? NVC 
should assume that closure would occur when all planned 
engl.neered barriers have been installed, inclUding final 
disposal unit cove~s, surface water control features, or other 
~ngineered features intended to stabilize the disposal facility 
or to min~mi%e disturbance by human or natural processes. 

This ~n:e~pretation of 40 ~:R 191.14 is reasonable considering 
~he de~lva~ion of the ~art 191 and 10 erR 60 requirements in 
acco=dance with the regulatory process envls!oned by Congress 
for the NWPA. It is p:aetical and realistic consider~ng that 

, "~ispc'sal" :neans permanent. isolation of spent nuclear fuel or 
racloa~tive waste from the access~ble @nvi~o~ent with no intent of 
~~c~very, whether or not such isolat~on permits the recovery of such 
:ue: ~! ~as:e. Fer example, disposal of waste in a m~ned geologic 
reposL:~ry QC~ULS when all o! the shafts to the reposltory are 
backf~l:ed a~d sealed ft [40 erR 191.02J . 

. ':'hlS analytical assumpt.ion, of course, doesn't call for a literal 
~n~ :~ ~ct~~R l~sti~utional controls a!cer 100 years or any other 
::~e re~i~d. r~ reality, access con:rcl and c~he: ac~ive 

i~5~it~Lic~al central measures must continue a~ the Area 5 RWMS in 
a=co:~a~ce with DOE 5400.5 and 40 erR 191.14Ia). 
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8.. 
~he ~R~ waste boreholes are located in an area where disposal of 
LL~ and mixed LLW nas taken place, and will likely to continue 
to take place for many years. !t is consistent with the 
approach used for performance assessments performeQ by DOE for 
LLW di~posal facilitie$ and by NRC for commercial LLW disposal 
facilities. {See Attachment 2.) 

This interpretation~ however, possibly leads to two additional 
issues: (1) the scope of waste to be considered tor the 
a~alysis, and {2) the version of Part 191 to consider. If 
disposal was construed to occur at the time of waste emplacement
and backfillinq, then it could be argued that the 1985 version 
~f the standard would be applicable; and to only one of the four 
boreholes. Conversely, if d~sposal was presumed to occur a~ the 
time of disposal facility closure, then it could be Arqued that 
t:ne 1993 version of the standard would be applicable, and to all 
four boreholes. Without addressing the merits and demerits of 
ei~~er arqument, we believe that these'issues are mooted because 
o~ :he other recommendations in this guidance (e.;., to consider 
all waste in all four ooreholes; and to consider the 1995 
'.'~?:: 3J.cn of the standard to "be applicaole for purposes of 
c~rF:iance and the 1993 version of the standard to be relevant 
fer purposes of information and comparison). 
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Sbgs14 the FCD "'01 •• Ie C;pp.i,der e4 ... AC _1_9 

Although 40 eFR 191 does not define a mined geologic repository, 
the	 commonly understood characteristies of mined geologie 
reposi~o'i.s are significantly different from those of the GeO 
boreholes at NTS. Among other things we observe: 

o	 In a generic environmental impact statemen~ (GElS)
published in October 1980, DOE considered a variety of 
POSSible methods for d~sposal of commercially-generated
high-level and transuranic waste (DO£/EIS-0046F}. In this 
GElS, and in the reeord of deeision (ROO) published on 14 . 
May 1981 (46 FR 26677), DOE adopted a strategy for 
development of conventionally-mined qeolo9ic repositories
for disposal of such waste. In the GEIS, DOE described 
such a repository as, ~onq other things, involving waste 
emplacement ranging from 600 ~o 1000 meters below the 
earth's surface. The geologic repository would be 
=onstructed using a room-and-pillar method and have an 
underground area of about 800 hectares (2000 aeres). 00£ 
distinguished a mined geoloqic r.pos~tory from other 
possible disposal methods includinq very deep holes 
(boreholes where waste is placed at depths of as much as 6 
~iles), disposal by melting into continental ice sheets, 
transmutation, and space disposal. 

~	 The Nuclear Waste Policy Act of 1982 (NWPAl was enacted to 
prov~de for the development of repositories for the 
disposal of hiqh-level radioaetive waste and spent nuclear 
fuel. The NWPA defines a "repository" as any system
licensed by the Commission that is ineended eo be used for, 
or may be used for, the permanent deep geologic disposal of 
high-level radioactive waste and spent nuclear fuel ... ~ 
(emphasis added). Legislative history for this Act (P.L. 
97-425) includes House Report No. 97-491 (the House bill 
was passed in lieu of the Senate bill) which describes the 
House's vision of a geoloqic repository. Artist's concepts
and discussion picture 4 underground waste emplacement 
system ~overing about 2000 acres of underground rOCK and 
~ocated about one-half mile {abo~t 600 meters} underground. 
(The enV1Sloned facility is similar to that identifi@d by 
DeE	 ~n ics GElS.) 

"!'he	 House r<eport also prOVides guidance for repOSitory site 
selectlon by DOE pursuant CO Section 112(4) of the Statute. 
(Sec~icn 112fa) requires that 00£ develop guidelines to be 
usee ~n selecting sites qualified to merit in-dep~h study 
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.a9-possibie repository sites.} Among other thin9s the 
House Report states that "th. primary f.ature of the site 
specifica~ly to be evaluated consi~ts of a rock medium 
about 1000 or more feet underground which w~ll of ltselt 
provide one of the primary containments of the was~e.H 

The NWPA provided an important statutory mandate for OOE's 
developmene of reposLtory siting quidelines in 10 erR 960, 
NRC's development of licensing regul.ations for geolog1c 
repositories tor H~W and spent nuclear fuel 1.0 10 CFR 60, 
and EPA's environmental standards in 40 eFR 191. 

00£'5 requlatLon 10 CFR 960, "General Guidelines for the 
Recommen~at~on of N~clear Waste Repositories," was issued 
in ~espcnse to the NWPA. It defines a geologic reposi~ory 
as a "system, req~irin9 licensing by the NRC, that is 
~n~ended to be used for, the disposal of radioactive was~e 

ft 
~~ excavated media .. This regulacion indicates that a 
favorable siting condltion for a geoloqic repository is one 
where waste emplacement would occur at least 300 me~ers 
below the surface of the earth. It disqualifies candidate 
sites ~f ~s~ce condit~ons do not allow all portions of the 
~nd~r9round facility to be situated at least 200 meters 
b~l.ow the di rect ly overlyi.ng ground sur:face." (See 1{) cn~ 
960.4-2-5(bl (1) and ~d).) 

NRC's !equlatlo~, 10 eFR 60, ·Cisposal of High-Level Waste 
i:"l '~eologic ~epositories," w"'s also issued in response to 
the NWFA. :~ detlnes a qeologlc r~pository as a "system 
which is :n~~nded to be used for, or may be used for, the 
dispcsa: of radloact~ye wa$tes 1n e~eavated geoloQlc 
media ... " The regulation describes a favorable condition 
fer a geologic repository as being one where waste would be 
empla=~d at l~asC 300 meters below the surface of ~he 

ee =t M . : Se e 1C CFR 6C. 12 ~ (b l i 5 I • I 

Frcm ~. ~8"7 :: 0 1989, NRC conducted a ruleraakinq lnt~nded 

originally to prOVide a mor~ precis~ d.finit~on of hiqh
~eve: was:e than that prov~ded in tbe NWPA. In an Advance 
Nctlce at ?:cposed Ru:emak~ng, NRC postulated tMa~ high
level was~~ might be defined numerically by eva:~atinq the 
d~sposa~ ~apabilit~es of alte:nat:ve disposal facllleies 
that ~o~:d be ~:ess sec~re" t~a~ a qeol~g~c =epCS1~ory. 

N?C ~=stula:e~ ~~a: :ess sec~~e faC1lities ~~ght make use 
~f ·':~:~@r~eQ~a~e .j@pth ~~=~a: cr var~ous engineerin~ 

:!',eas'~!·?:; ... ::: acco:r.:noca:e ...aste~ wlth :::adion<;cl:.de 
:::cr:ce;:::""·'l':::"~~:!! 'Jnsultabl.o! fc.r d:sposal by shdl.lcw land 
b·,:n.~~" ::': Febr.·.. 3ry :387; 52 F~ 59951. NRC SUbsequently 
~~d~~.~~d ~h.s effort: lnst.ad, ~t ame~ded :0 CFR 61 to 
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requi~. disposal of 9rea~er-chan-Class C tGTCC) LLW:: into 
a geologic repository as defined in 10 CrR 60 or by another 
disposal =ethod approved by the Commission. NRC eonS1dered 
that other disposal methods could ~nclud. ~ntermediace 
disposal methods s~ch as deep-auqured holes or an 
int.ermedla:e depth repository £25 May 1989. S4 FR 22~791. 
NRC cii.~in9ui.h.d :lQch interlMdlate c1isposal methods f%cm a 
geo1oqic r.po.~tory (•. ~ .• se. 54 FR 225311. In support of 
the rul.~kin9. ~~C pointedly reterenced a report by ~h. 
Conqressional Office ot Tecnnoloqy Assessment :OTA) that 
5peeifically ci~ed ~he NTS boreholes as a ~ype of 
intemedi.ate disposal method.· ~:, 

o	 EPA's standard, 40 CFR 191. was wrltten to apply to 
disposal of HLW, spent nuclear fuel. and TRU waste under 
the NWPA and other statutes. Unlike either 10 CFP 60 or 10
erR 960, it is app1icable to any disposal metncd othe~ than 
Yucca Moun~air. ar.d disposal directly in~o ~h. oceans or 
ocean sediments. Although the standard refers to m~n.d 

geologic repositories in the definition of ·disposal~ and 
in gUJ.dance (see AppendiX C of the current standard), -. 
nowhere ~s either a qeo1091c repository or a m~ned geologic 
repository defined. Nonetheless, material accompanying the 
development of these standards indicates that EPA's 
u.nderstanding of a "geologic repository" was cons1.s~.nt 

with NRC's, DOE's, and Congress's understanding of the 
term • . j' Illustrative material J.S proVi,ded below: 

For th. 1~6S Y.rs~on of the standard, E~A prepared a series 
of analyses that ~ddres$ed mOdel qeologic :epositories ~n 

salt., granite, And o:her media. For the proposed standard, 
the model geo10<;3.:: repOSi.t.ories were all c~aracted%.d by 

:~ For alpha-emittinq transuranic isol:opes havin<; half-lives 
exceed1nq 5 year~, the Part 61 Class C limlt 19 leO nCl/g. The Part 
61 Cld5S C limit for transuranic isotopes lS t~us similar to the 
deflnlt~on of tr4n~uracic wa5t~ in 40 erR 191. 

:: u.s. Con9ress~ Office of Technology Assessment, '~An £v41u.t1e~ 
of Op~~cns for Hanaqing Crea~et than Class C tow :eve: ~adiea=tiv~ 
WaSte." CTA-BP-O-SO. October :988. 

'~':he gu:dance refers, apparently ~nterchangeablv. to both 
If· .., It d" 1 •
qeo~c;~c =epos1tor~es an m:ned gee ogle re?C5:~Ctles.· 

.~ r~ :r:I? r',~l.!'IIdkl.r.g record, ::?A ref@r5L:".tercha-.:~abli to Q "mined 
~~~c~:(~,?.:.c =~posl:~ry," ~: u~;':'.ied repf:is:t~rf ," ;3~:; ; I't.-]f.~j. ~'9:'-= 

:e?Csl:ory." 
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'emplacemene ae depths of about 1500 feet. l(, 'For ~he final 
1985 standard, EPA included add~tiona~ analyses that were 
intended to more closely mimic so~e of the sites selected 
by OO~ under the NWPA for nom~nation as potential sites for 
~he first repository. These sites ir.cluded two bedded salt 
formations, a basalt formation, and unsaturaeed volcanic 
tuff formations at Yucca Mountain. EPA also examined two 
granit:e formations. CUI 

For the 19~3 version of the :ule, EPA's analyses again
considered only mined geologic repositories to justify the 
rule'3 achievaoility. However. for the 1993 standard EPA 
focused on disposal of rRU waste rather than HLW or spene 
nuclear fuel. As described in EPA's 9ackqround Information 
Oocu~nt (BID), the modeled disposa: system was based on 
national plans to develop geologic repositories consistin9 
~f "under9round mines or excavations with working levels 
be:ween 300 and l~OOO meters below ~he surface ... ,:" Waste 
would be "stacked in mined waste disposal rooms," and atter 
was~e emplacement the disposal faci:ity "would be 
backfilled" and the "shafts and boreholes which connect the 
disposal ~acility ~o the surface would be backfilled and 
sealed." ;,. The BID also briefly c\!!scr.:.bed the NTS Gee Test 
pr09ram as a project intended to demonstra~e the 
feasibility of "qreater depth" b~rial in alluvial 
sedimen~s. The phrase, "intermedia'Ce depth," was also ~sed 
to describe "the boreholes .. :~ The BID description of the 
Gee boreholes di.ffers sJ.gni fie-ant 1;,' f rom t~at for the 
modeled geologic repository. 

O~herw~se, in the proposed ru:e for ~he 1985 standard {29 

.( e.g" Smi.th, C.B" "Population Risks From Di:sposal of High-Level 
~adioactive Wastes :"n Geologie Repositories," EPA 520/3-80-006, 
~nvironmen~al Protect~on Agency, December 1982 . 

.5U.S. Environmental Protecclon Agency, "High-Level and 
7ransu~an.c Rad~oactive Wastes, BacKground Informat.ion Document for 
Final Rule," EPA 520/1-85-023, August 1985. 

t U.S. Environmental Pro~ectio~ Agency, "Background Inforrnat~on 
Dcc~me~~ =or P=opo~ed Amendments tc 40 CFF 19:, Snvironmental 
S~an=a=ds fer :~e Man~qement and ~ispcsa: ~f Spen~ ~uciear F~e:, 

High-Level. and T.:ansuranic Radioactl.ve Wastes," EPA 402-R-93-00i, 
Jant:a r'; : ':??:: , 

r ....... · .~
 
-~ .......
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December 1982l, EPA announced that ~t focused on geologic
repositories because there was ~more information available 
on this approach on than on other disposal methods, and 
because DOE has decided to focus the national program on 
this method (46 FR 26677} tliH' [47 FR 58198-9}. tn the 
flnal rule for the 1985 standard (19 September 19851, EPA 
distinguishes between mined geologic repositories and other 
disposal methods {e.q., 50 Fa 38070 and 38974), and 
contrasts a mined qeoloqic repository with a surface 
disposal site rSO FR 380S0}. 

Finally, in the f~nal rule for the revised standard (20 
~ecember 1993), EPA concludes that disposal cf solid 
radioactive waste in~o a geologic repository does not 
constitute underground injection within the context of the 
Safe Drinking Water Act. EPA doe~ not define a geologic 
reposi~ory but cites the WIPP facility as an example of one 
[58	 FR 66409-66411). 

)	 Documents pUblished in support of the GCD coreholes have 
descr ibed them as "l.r'\termediate depth" disposal. :: 

Cocclua1oft. Statutory and regulatory history cc~slstently sets 
fort.h a vision of a geologic repository as being one where 
~aste is emplaced at significant depth -- i.e., hundreds of 
meters below the 9~ound surface. This history also consistently 
descrlbes a geologic repository as consisting of a surface 
facility connected by shafts to an underground !ac~l~~y covering 
a few thousand acres wherein waste would be emplaced. This 
vision cont.rast.s significa~~Ly with Gee borehole d~sposa: at 
N7S, where waste has been emplaced in to-foot diameter shafts at 
jepths ranging from 70 to 120 feet below the g=ound s~rface. 

Therefore! :here is no compellin; basis for concludin9 that the
G:n bcreholes constitute a type of geologic repcsito=y disposal 
with~~ the context of 40 CFR 191 and its publis~ed guidance 
(c~rrent Appendix C of 40 CFR 191). Nonetheless, the boreholes 
are clearly 3ubject to the Par~ 191 ~tandard w~ich applies to 
any land-ba3ed disposal system except for Yucca Mouncain. 

·'This reference :s ~o DOE's G~:S ROD which an~ou~ced the ~atLona. 
~cc~s en geolog1c repo$i~Or~@5 for d:socsal of hic~-
lev~l and ?a~ waste and des,!~bed a ge~:ogic repC;~~Ctl as a 
faclll~Y where waste would be placed at depths of about 600 :0 1000 
xet~rs Delcw the ground surface . 

.~. e .. 9-1 see Dickma!\, PlOT., ":;'r~ar@r C:>nf'inemen't C:.sccsal ~es~ .at 
the ~e~~~a Test Slt~. Fl~a: ~~-~,~c'~ccy_ _ _ t " SL--"·O-..... _ ..R~~~O_ ,~ - .... ( ~ C'\~~o~r·_. ... .., _ ~_ ......
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For pwrposes of bor~hole disposal a~ NTS, ~e believe that ~he 
term "di.sposal" in 40 eFR 191.02 can be interpreted in different. 
ways. Therefore, ~he interpreeation of "d1sposal" for purposes 
of ~O cr~ 191.14, "Assurance req~irements,~ is a matter of 
judgement by OOE in i~s role as implementin9 agency for the 
standard. Based on our review of che standard, the rulemaking 
record, and t.he spec~fic situation of borehole disposal at NTS, 
we recommend that "disposal" for purposes of compliance wi~h 40 
erR 191.14 can be assumed to take place at the time that 
disposal faCility closure has been completed. 

As discussed below, this ~nterpretation is reasonable 
considering the development of 40 erR 191 and of 10 CFR 60 under 
the authorit.y, among other statutes, of the Nuclear Waste Policy 
Ac~ 'NWPA). It ~s consistent w1~h the ap~=oach used for 
per!ormanee aSsessments pe~formed by COE for tLW disposal 
fact 1 i ties and. by NRC for com.rnercial LLW disposal faeilities. 

~A &ftd p~~ 101 hi.~ory. The NW~A was e~acted to provide for 
the development of reposi~ories for the disposal ot high-level 
radioactive waste and spent nuclear fuel. ~ouse Report No- 97
491 describes the House's envisioned process for determin~ng the 
acceptability of a repository for such waste, The House report 
::,utlines a process whereby NRC would grant DOE a construction 
authorlzation based on an init~a: determi~at:on of repository 
suitability. Durlnq cons~ruct~on and waste emplacement, 
dcditlonal observations and tests would oc:ur co assure that the 
system's behavior correspor.ds to predicted behavior. The House 
thought that a period ot observation cou~d Last from 10 to 3~ 
years, and that "not unt~l the ComrniSSlon and otn@r participants 
are sat.isfied 0: the safe~y of the system will ~he repository be 
backf.:.l.led with rn~ned n'..at.erial and closed ;.:p per:nanently." 

When 40 Part 191 was or~ginally proposed prlor to enactment of 
~he NW?A, disposal wa~ defined as "isolation of radioactive 
wastes ~lth no intent to recover them n [4 7 FR 58205J. For the 
final version of ?art :9:, promulgated af~er enactment of the 
~W?AJ the definition of disposal waste changed to: "permanent 
~s~lat~on of spent n~clear fuel or radloactive waste from the 
access1ble environment w1th no i~~ent of ;e=ov~ry, whether 0= 
net such isolation permlts the rec~very ?~ such fue: or waste. 
For eXdmple, disposal of waste i~ a mined ~eoloq~c repository 
~cc~~s when all of t~p. shaf~s ~o the reposltory are backfilled 
and sealed" [50 fR 38C'~H;. 

~ar: 19: was 1ssued wl~h ~~e In:ent of c~~pl~ance with the NW?A. 
~s= t~is ~eason, r·d~sposa1.f' f~! pu~pcses c~ a ~i~ed geo:ogi= 
~~po5:tOry is def~~ed as cc~u=~~~; ~ct ~he~ ~as:e is :~it~3:1y 
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emplaced, but when all the shafts to the repository are 
backfilled and sealed. (In terms of 10 CFR Part 60, this would 
occur during ·permanent closure- of a repository -- see below.) 
This interpretation would not preclude some backfilling to occu~ 
within the repository during its operation -- for example, 
backfilling around emplaced waste containers to provide for 
radiation shieldinq. The standard is silent about the 
int.erpretation of udisposal" for other disposal methods. 

10 CF;R 60. Part 60 addresses disposal cf HLW and spent nuclear 
fuel in geologic repositories, and inter alia, implements the 
requirements of 40 CFR 191. for purposes of performance 
assessment, NRC expects that active institutional cont~ols would 
not be relied upon for lcnqer than 100 years following permanent 
closure of the repository. Permanent closure ~nvolve. sealing
of shafts and would be expected to occur many years {e.g., up to 
50 yearsl af~er initial waste emplacement. 

LLW d~.po••1. For disposal of LLW by C~E under DOE 5820.2A, or 
commercial LLW disposal facilities under 10 erR 61 (or 
compatible Agreement State regulation), performance a~sessmen~s 

for purposes cf compliance consider an assumed lOO-year aotive 
institutional oontrol period. Fer both sets of requirements, 
the lOO-year period is assumed to commence not when waste is 
!irst emplaced, bu~ after final closure of the disposal 
faCility. In convn.enting on NRC's proposed Part 61 rule, EPA 
supported NRC's position that the lOO-year period would occur 
folloWir.g "transfer of control of the disposal site to the 
owner" (which occurs followinq dispo!lal facili t y closure) • ~: 

Conc1u.~oD. For purposes of compl~ance with 40 eFR 191.14, the 
Part 191 defi.nition of "disposal.'· can be interpreted in more 
~han one way -- particularly in regard to disposal methods other 
:han geologic repositories. But for purposes of the NTS TRU 
wasee boreholes, "disposal" may be constr-ued as occurr ... ng when 
all planned ~ngin~ered barriers have been installed -- i.e., at 
final d~sposal facility clos',,1re. Tr.is interpretation fOl: the 
purposes of 40 CFR 191.14 is reasonable considering the hist~ry 
of ~he NWPA and the development of Part 191 and 10 efR 60. It 
:'5 compatible with the approach used for ?erformance assessmentS 
for disposal of L1W. It is reasonable and realistic considering 
that the TRU waste boreholes are located within ar. area where 
~:W and m~xed LLW disposal ~ill continue to take place well ~nto 
~he future. 

~: See u. S. Nuclear Regulatory COmr.'l~ss.l.on. "Final En',-ironmental 
Impact Statement on 10 erE{ Part 61, "L.l.cer:s.:..ng Requi.rements for L!!lnd 
~isposal of ?ad~oact.:..ve Waste," NU?E~-094:, Vel. 2, November :~32, 
p. 3-4"G. 
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Appr.ria. pee pI Pnh'#.hed "1 APid,p" (·..di- C eC 

~PA has issued implementation guidance for Part 191 as Appen.dix 
C of ~he current standard. Although we recommend ~hat NVO 
generally follow this guidance for preparation ot tne GCD PA, 
speci~l cons~Qer4tiQn is necessary for interpretation of certain 
portions of it -- namely, those paragraphs addressing
"consideration of inadvertent intrusion into geologic 
repositories'· and "frequency .snd severity of inadvertent 
intrusion into geologic repositories." 

As discussed in Attaehment 1 of this guidance, when EPA 
developed the 1985 version of the standard, EPA justified the 
achievability of meeting the standard solely in ter~s of waste 
disposal in mined qeologic repositories. Nonetheless, Part 191 
is applicable to any land-based disposal system other than Yucca 
~ountain. When issuing the 1985 version of ehe standard, EPA 
published accompanying 9\1idance as Appendix a of th.e standard. 
This gUidance scates: "Host of this guidance applies to any 
typ~ of disposal system••. However, several sections apply only 
to disposal in mined geologic repositories and would be 
inappropriate for other types of disposal systems." When EPA 
developed the 1993 version of the standard, EPA again justified 
the achievability of the standard solely in terms of waste 
disposal in mined ~eoloqic repositories, although EPA again 
3pplied the standard to any land-based disposal system. ~PA did 
not revisit the guidance except to change it to Appendix C. 

it is therefore necessary to interpret the guidance considering
chat the GCD boreholes cannot be reasonably construeQ to be a 
cype of geologic repository (see Attachment 1). No background 
info~ation on the development of the EPA gUldance is available 
in the rulemakinq doeket. Nonetheless, based or. our review of 
the EPA guidance and the rulemaking record, we believe that 
reasonable interpretations can be made for purposes of the GCe 
boreholes. In so doin9' we dis~in9uish those porticns of the 
EPA guidance that seem to be either applicable to any disposal 
method or provide a general philosophical outlook, from ~hcse 

por~ions of the £?A qUidance that seem to be narrowly focused on 
~eologic repositories. 

Accord~ngly, we reco~~end tha~ all but two paragraphs of the EPA 
guidance be considered dizect1y applicable to the Gee boreholes. 
rhese latter two paragraphs ~equ~re special conslderation as 
discussed below. For theee paragraphs we first state the EPA 
guidance 3nd then provide an interpretation for applicatio~ ~c 
t~e GC~ boreholes. 
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Con.ident.ion #d ZZI4Ibere....t 1hIIIan tAtZ1l.J,.OO tAte <Jeo~~ic: Repo...U:od•••'t&•••ft~ 01 8M picls·o.: T'Iw ...".,.".",.IIIitIl~"."lIf11J1t1fk 
r~posjtoryorc /1foM (lUQCk#cti wjtJr illGdNrt.ItlIu4",,,,, i"trul;fJII. ~ ty,., of;,ttrtl,i"" would 1Kn'~ .·,,.twU~, Jk) 

tJ!~~t011" npositOl')'sctNflQiNMltr ofWQstt. On 1M orlff,hand, till posstbltf to C~IW0/""nalons ""W1Iv'''I 
wUN.1p,.dt/ ,_ilto/lou ofIuftJwIM/ltlfl ,.,...., f'OdffJ«lM tWMtC$J IIIat cOllldrnWI til IfftIjt1T dUrwptiolU thol ",. 
,.os9ltGbk ""ptJ$itory .1«11011 01' a..,r'p p~""'ttHdt:a.Id GlleYI4U. Thr Agellq'/MlfnD tJuu • III()$I ",DthlCII\.. 
comiMl'tId(;lf ofi~".'" wnmon CO""",, tno. ".,tJllslk poutlHlilia /1tttJ JIIWI)' N rul/ltlly .;"pt.dby 
I"posilory /lnip. si,. ,./«ROft, or lI# ofINI#Iw ctMlrol$ (aldt_gh ~iJv~titJINJJctw,o/$ ,""d rfOt In 
tm....d to completel) ",1. cHIt tM IHJ#lblliry ofinlrtI$itHt). T1NJHjon. iItoIIw""" tIIfII Uta,.".".", i""..,.ioIt b.y 
~rp/Ol'Qt~ driUt.for ~s fot/w, tIttm allY prl1WdU by rlw dUpos41 spit", ',./fi Cd" M ,Itt /If.,s~~ 

intrvs;on ~"""D ouwllHtd by1M ltrrpiel'lNnU"S "P~~I. FunJN~. IN il'llPk-"';"6 Q."t:j~$ COlI 4#"_ 
lltat J'fWIW iJUtUil/tOfltll ccmuols or lite ''''''''.'~OWII uplOl'QlOl")lp,«.ran, arc atkqtIIItC for tIM iltln«l6n 10 
sao,. Mtfct, tH lie wrulfld of, lite incompalibi1il)' ofIItt anti wlt/t ,lvi,activiti". 

Appl~ca~~oft to 8o~.ho~•• : The f~rst four sentences of the EPA 
paraqraph provide an overall philosophical approach to 
addressing intrusion analyses. These sentences observe, among
other things, that inadvertent intrusion is s~eeulative, chat it 
is possible to conceive of intrusions that no reasonable 
reposi~o:y selection or desiqn precauti¢r.s co~:d alleviate, and 
that the most product~ve considerac1on of inadvertent intrusion 
concerns those realistic possibilities that may be usefully 
mitigated by design, site selection. or passive controls. These 
observations represent reasonable gUidance for disposal of waste 
into any disposal system and are therefore appropriate for the 
GC:J boreholes. 

The fifth sentence of the ~PA paragraph addresses the most 
severe type of in~rusion event considered reasonable for a 
geologic repository -- namely, inadvertent and ~ntermittent 
intrusion by exploratory drilling for resources. This sentence 
must be interpreted for the boreholes. Considering the location 
of the Qoreholes within ~he NTS and the depth of waste 
emplacement, we consider it unlikely that there could be a 
plausible expectation of many other types of human intrus~on, if 
any. that could significantly affect the disposal system. 
Sti 11, because the waste is closer to the sur face than would be 
was:e in a geologic repo$ieory, further consideracion is 
war:-Anted. 

We believe that when identlfying posslble intr~sion events fcr 
purposes of analysis, an important pr~nclple for doing so shc~ld 
be to ident~fy those real~s~lc posslbillt~es ~h=t may be 
wsefully mitigated by disposal system loca~~o~ ~r de~i9n, or 
passive institutional controls. (This prlnc~pie is derived from 
the four~h sentence of the EPA para;raph.) :or examp~e, a well 
r.ypothe~ically const~~c~ed ~o: purposes of ex~~craticr. for wa~er 
resources m~ght be considered reali$tic; and if needed, there 
may b~ disposal system design features that may be considered 
chat could reduce the likelihood of s~ch ~~tr~s~on (e.g., 
ab:--..;ptly slopll".; surface feat'..l:es). In ttlis :ase, the ir.:=-,,;sl.~r: 
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event miqhe be considered useful for ~king closu:e decisions 
ter the bOreholes. 

Or. the other hand, complete excavatio:,\ of an extensive area 
within the Area S RWMS -- such as construction of a basement for 
a sports complex or for open pit mining -- might be construed as 
being either unrealistic or not usefUlly m1t1gated by disposal 
system location or deslQn, or passive institutional controls, 
and the~efore not useful fox purposes ot makinq a closure 
decision (e.g., such a scenario mi9h~ require the assumption 
that all design measures would be assumed to be bypassed. an 
assumption that could be made for any disposal system. 
anywhere}. Addit~onal considerations may be {1) whether th,re 
are any resources that can be identified today in quantities 
suf!icie~t to justify considera~ion of a surface mining 
scenario. or (2; whether it would be likely that a large 
hypothetical excavation would result irt other WAste or 
radioactive material being concac~ed lons before the ~RU waste 
would be contacted. For such a hypothetical event# the sixth 
sentence of the £P~ paragraph may be instructive to consider. 

Furthermore. it may be reasonable to =onsider that relatively 
l.ow-cost intrusion events, such as d::illing, are probably more 
~ikely than high-cost ones, such as extensive construction. The 
~ore ex~ensiv. an assumed construction proj.ct~ the more likely 
that an intruder would try to protect the investment by 
searching records and performing other investigations before 
const~uction begins. 

In any event, we fall back on our qe~eral gu:dance to consider 
~he disposal system on its own merits, and to base its primary
justification for identification of reasonably plaus~ble 
intrusion scenarios on the basis of site-specific conditions, 
informed judgement, or ether appropriate rationale. NVO may be 
ablp. to make use of inforntat.ion that. addresses :he same or 
3imilar issues for o~her wastes disposed at the NTS site. 

The sixth sentence of the quidanee states that implementing 
agencies may assume that. pass.i.ve i.ns~i.t:Jtional controls or cr.e 
intruder's own exploratory procedures are adequate for intruders 
~o soon detect, or be warned of, the incompatibility of the area 
with th@ir actiVities. This sentence is reasonable for 
application ~o th~ Gee boreholes. 7here is nothing ~n the 
sentence ~hat is obviously res~ricted :0 qeo:ogic reposito=ies. 
R~eher, it is consistent with gUldan~e provloed elsewhere In 
AppendiX C that. ap~ears to apply to any disposal methOd. 
Furthermore, the principles expressed 1n ~he sent.ence are 
compatible with NRC assumpt.ions for developm~nt: of the waste 
~lassifi~ation syst~m for 10 C~R 6:. 
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.. 3-4
 

F~Itf:YMI/~lIfl""""tH."../""".""""C;~1I.-1fM&
 
S~.~.-.ai:. O~ ••a pi,claDc»: T1lf .,.".",I#tf.~ dtoIIId~,.~ tIf,t/e11
 
panic"', dbposIII S)'$rcM', gu, tJdip, iIftdptmiH iNttlrlittHttll ~0ftIr0lS in~ 11M U_li". iIIId 
,o-qwltC«J QjSfA£lIl1f1tldwf1Ul CtfII.o'fl/Ot'Y dJ-iIlhI& HtIIIiItIW', I. A.M>' iWJlIIIn dftIII lIN li~'1tood ofJW:It 
iflOtiw,."", QJlti (~I"IftiIH'" drllli", rtHd n«M""'" H .,.,tW, IItIJIt JII 6otw1Hllef pi' .,."".W...,,.. 
,..UM)'antI/H' 'fJ.fJt1IJ J1*'II'Ifo'..-OBk RpMlorln hlpI'OIIi"';~tD#di1Wffl/lr7 ,._~. or".., 
tlttJll J lIoRItoIu pi'MI-- ~'-tlt,pIf' 10,(}(JIJJI'N"J/Or ,..tJ~ /If fit"', poI.IOI'IIIMt~. P,mlwl'flfOn. 
the A'-MY QSfutrIU Ih«1M eOltltulWftUs c/'1fIC1t~.",dnllinW nHtllWt be ~ to H IfII1OI'ft WM,. .",: 
(1) d;"«1 rrIIon'~dwl/l1lld ~ ofGn.. ro-dWIItM tit • """0f'J/1tori:M dIM WOIIIIII",.,.".11
Ihrough tJw """{)I ~tY..d txw./tok It) ,Ite ~.. 10 IftllwoJ JJdtDsIQliepnSSlft - or (1/",."., WOIIitJ lit 
,.,qllUofd If) 'Gin WaH, 10 1M ngf~) n/~ o/ZfJO eulc "",us oj,.,.w~PIJIIff*/ to U. nr/4JJ« ifllrGt 
_It WG'~" Is nodi})' ~III""10 bit pttlll,.d: tmd (1) CtYllttOff 0/11 V'JfIJfdWHIfUjl6W ptIIIt widt tl""""'"11)1
t>'P1CGI of" bonltol. flUId by • loti or...awlIMII /IIHJfII#d ~Iy "Ilk iIruI Off.." 110M OWIr.me -It« • 

~"",.abtlity "1f1 Ctln/itlJ)I HoJ.d bonluJl,. 

App1ioatiOft ~ boz.bol•• t This paragraph contains three 
sentences: one general and two specific. Each is addressed. 

The f~=$t sentence provldes fundamental guidance that is 
applicable to any disposal system, including the GCD boreholes. 
This gUldance states that implementing agencies should eonsider 
th~ effects of each particular disposal system's site, design, 
and passive lnstitu~ional controls in judging the likelihood and 
consequences of inadvertent exploratory drilling. However, we 
would broaden th~ guidance in thae it provides a basic approach
applicable to any reasonably plausible int=usion event, not just
drilling. 

The second sentence appea~s to be more narrowly focused on mined 
qeologic repositories. It provides numerical limits on the 
frequency of drilli~9 for resources ~hat need be assumed for 
geoloqic repositories. The stated numerical li~ts were 
apparently derived from generic assessments made by EPA when ~t 

develcped ~he rule. Because these assessment. pertained
specif1.cally to qeologic repositories, it is difficult to regard 
them as being directly applicable ~o the Gee boreholes. We a~so 

observe that the stated limits are in te=ms of "sedimenta~y rock 
formatl.ons" and "other geolO<jic formations," which do not appear 
to describe the situation for the Gee boreholes which tnvolves 
'..l4st.e disposal in alluvia':' sediments. :~ 

Therefore. we recommend that NVO fall back on our overall
 
guidance eo consider the disposal system based on its own
 
me:its. NYO $~o~ld base i~s primary justification for
 
dete~~ination of intrusion fr@quency on site-specific
 

;;'Also of considerable .lnterest. are EPA stat:etnent.s on drilling 
~s~umptiOn5 on page 2-18 cf U.S. ~PA, "High-Level and transuranic 
?ad~~a~~i~~ Wastes, Resp~n~e to Cc~~er.ts for Amer.dment3 to 40 C~~ 
Part 191," E~A 402-R-93-0~2, December 1993. 
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condi~ions, informed judgement. or other appropriate rationale. 
However. the numerical intrusion frequencies stated in the EPA 
gUldanc@ can certainly be used for purposes of comparison and 
perspective. 

The chird sentence also appears to be narrowly focused on mined 
geoloQic repositories. It addresses two of the three pathways 
resulting from a well"drilling intrusion event that EPA 
considered when it justified the achievability of the 1985 
s~andard. The third pathway is ~elease of cuttinqs to the 
accessible environment assuming that a drill bit dlrectly 
s:.rixes a cont-ai-nee of waste. Because cuttinc;s from drilling 
directly through a waste container are not mentioned in the EPA 
g~idance, ~t has been questioned whether cuttinqs should be 
considered for possible intrusion, via a well drilling scenario, 
~~to the GCD boreholes. 

':)ur reco:r.:nendaticn .loS that for purposes of <40 eF'R 191.13, 
~~iease of cuttings should be considered in intrusion analyses 
~ :;·....01 vlng wel':'-dr illing scenar ios. It is clear that EPA 
considered and included the release of cuttings when it judged 
the achievability of the standard. Hence, there is no 
compelling rationale for not co~side~ing ~he cuttings for 
~urposes of the Gee boreholes. Although it is unclear why the 
c..:~tings were not .included in t.he list of release pathways, we 
believe that a plausible explanation is that for the generic 
geologic repositories oriqinally analyzed by EPA, the calculated 
cancer risks over 10,000 years were small for release of 
-:;uttinc;s compared to ~he other pathways considered in EPA's 
analyses. Although the consequences of a drill contacting a 
Wa$te container were large in terms of released contamination, 
t::e probability of doing so was small enough that the overall 
~isks were rela~ively small. But because such an analysis of 
overall risks has not beer. prepared for the boreholes, it would 
be inappropriate to ap,;,,,., exclude the cuttings from 
~on$ideration. 

Jut recommendation, then, is to consider the consequences of 
dri:ling into a borehole, and to multiply the consequences by 
the probabilities of doing so in accordance with the 
.::~quire!Tlent.5 of 4C CFR 191.13. n',e probability for a single 
:~c::ling event m:ght be deter~ined by first estimating the 
probability of dr~lling within that disposal area set aside 
''''i'':.hin the Area 5 RWHS by DO:: tor pe.:-manent control and 
:den~1f~ed by perrranen~ merkets, and :hen estimating the 
probability tha~ a dril:lng event Within ~his permanently 
~ontrollQd ar~a contacts a borehole. 
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Appendix H
 
Code of Federal Regulations, Title 40, Part 141
 

(relevant excerpts as of January 19, 1994) 
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CODE OF FEDERAL REGULATIONS
 
TITLE 40--PROTECTION OF ENVIRONMENT
 

CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY
 
SUBCHAPTER D--WATER PROGRAMS
 

PART 141--NATIONAL PRIMARY DRINKING WATER REGULATIONS
 
SUBPART B--MAXIMUM CONTAMINANT LEVELS
 

s 141.15 Maximum contaminant levels for radium-226, radium-228, and gross alpha particle radioactivity In 

community water systems. 

The following are the maximum contaminant levels for radium-226, radium-228, and gross alpha particle 
radioactivity: 

(a) Combined radium-226 and radium-228--5 pCi/l. 

(b) Gross alpha particle activity (including radium-226 but excluding radon and uranium)--15 pCi/1. 

s 141.16 Maximum contaminant levels for beta particle and photon radioactivity from man-made radionuclides in 
community water systems. 

(a) The average annual concentration of beta particle and photon radioactivity from man-made radionuclides in 
drinking water shall not produce an annual dose equivalent to the total body or any internal organ greater than 4 
millirern/year. 

(b) Except for the radionuclides listed in Table A, the concentration of man-made radionuclides causing 4 rnrem 
total body or organ dose equivalents shall be calculated on the basis of a 2 liter per day drinking water intake using 
the 168 hour data listed in "Maximum Permissible Body Burdens and Maximum Permissible Concentration of 
Radionuclides in Air or Water for Occupational Exposure," NBS Handbook 69 as amended August 1963, U.S. 
Department of Commerce. If two or more radionuclides are present, the sum of their annual dose equivalent to the 
total body or to any organ shall not exceed 4 millirern/year. 

TABLE A--AVERAGE ANNUAL CONCENTRATIONS ASSUMED TO PRODUCE A TOTAL BODY OR 
ORGAN DOSE OF 4 MREM/YR 

Radionuclide Critical organ pCi per liter 

Tritium Total body 20,000 
Strontium-90 Bone marrow 8 

Low-Level Waste Di.\poslIl FlIcility Federal Review Group ,lIanulIl 
Revision 3, .June 2008 161 



Appendix I
 
Example Calculation of the Normalized Cumulative Release for the
 

40 CFR 191.13 Containment Requirements
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--

This appendix provides example calculations of cumulative release limits for the containment 
requirements of the Environmental Protection Agency (EPA) of 40 CFR 191 for the 
inadvertently disposed, transuranic inventory in Trench T04C of the Area 5 Radioactive Waste 
Management Site on the Nevada Test Site. 

Step I :Determine the inventory of the specific disposal system. 

Identify the total activity of radionuclides in waste packages meeting the definition of TRU 
waste (see below). This is the 40 CFR 191.13 regulated waste inventory for the specific disposal 
system (Table I). 

40 CFR 191.02(i) Definition oftransuranic radioactive waste: Waste containing more than 100 
nCi of alpha-emitting transuranic isotopes with half-lives greater than 20 years, per gram of 
waste. 

Table 1. Example inventory ofradionucJides in TRU waste packages in Trench T04C on 
October 1,2028 (see Table 2.5 from Schott et a1. 2007) 

I 

I , 

..~-

Nuclide Activity (Ci) Nuclide Activity (Ci) Nuclide Activity (Ci) 
11-207 6.0E-08 Po-218 1.1 E-08 Th-232 4.2E-14 
TI-208 9.6E-15 At-217 4.1E-11 Th-234 3.5E-03 
TI-209 8.8E-13 Rn-219 6.0E-08 Pa-231 1.3E-07 

--

Pb-209 4.1E-11 Rn-220 2.7E-14 Pa-233 3.5E-04 
Pb-210 3.5E-09 Rn-222 1.1 E-08 Pa-234m 3.5E-03 
Pb-211 6.0E-08 Fr-221 4.1E-11 Pa-234 5.6E-06 
Pb-212 2.7E-14 Fr-223 8.3E-10 U-233 3.1 E-08 
Pb-214 1.1 E-08 Ra-223 6.0E-08 U-234 3.5E-03 
Bi-210 3.5E-09 Ra-224 2.7E-14 U-235 1.5E-04 
Bi-211 6.0E-08 Ra-225 4.1E-11 U-236 3.3E-05 
Bi-212 2.7E-14 Ra-226 1.1 E-08 U-238 1.2E-07 
Bi-213 4:1 E-11 Ra-228 3.0E-14 Np-237 3.5E-04 
Bi-214 1.1E-08 Ac-225 4.1E-11 Pu-238 26E+00 
Po-21 0 3.5E-09 Ac-227 6.0E-08 Pu-239 9.0E+01 

--

Po-211 1.6E-10 Ac-228 3.0E-14 Pu-240 2.0E+01 
Po-212 1.7E-14 Th-227 5.9E-08 Pu-241 2.2E+01 
Po-213 4.0E-11 Th-228 2.7E-14 Pu-242 1.3E-03 
Po-214 1.1 E-08 Th-229 4.1E-11 Am-241 2.7E+01 
Po-215 6.0E-08 Th-230 1.2E-06 

-

Po-216 2.7E-14 Th-231 1.5E-04 Total 1.6E+02 _.._--,--~--_..__._ ... 

Step 2. Calculate the total activity of nuclides governed by the TRU waste definition 

The Appendix A Table I release limits of the EPA 40 CFR 191 are scaled based on the total 
activity ofTRU waste nuclides. The sum of the total activity of radionuclides meeting the 
definition ofTRU waste is 140 Ci (highlighted in Table 1I). 
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Table II. Total activity ofTRU waste nuclides 

Nuclide Activitv (Ci) Nuclide Activity (Ci) Nuclide Activity (Ci) 

TI-207 6.0E-08 Po-218 1.1 E-08 Th-232 4.2E-14 

TI-208 9.6E-15 At-217 4.1E-11 Th-234 3.5E-03 

TI-209 8.8E-13 Rn-219 6.0E-08 Pa-231 1.3E-07 

Pb-209 4.1E-11 Rn-220 2.7E-14 Pa-233 3.5E-04 

Pb-210 3.5E-09 Rn-222 1.1E-08 Pa-234m 3.5E-03 

Pb-211 6.0E-08 Fr-221 4.1E-11 Pa-234 5.6E-06 

Pb-212 2.7E-14 Fr-223 8.3E-10 U-233 3.1 E-08 

Pb-214 1.1 E-08 Ra-223 6.0E-08 U-234 3.5E-03 

Bi-210 3.5E-09 Ra-224 2.7E-14 U-235 1.5E-04 

Bi-211 6.0E-08 Ra-225 4.1E-11 U-236 3.3E-05 

Bi-212 2.7E-14 Ra-226 1.1E-08 U-238 1.2E-07 

Bi-213 4.1E-11 Ra-228 3.0E-14 Np-237 3.5E-04 
Bi-214 1.1 E-08 Ac-225 4.1E-11 Pu-238 2.6E+OO 

Po-210 3.5E-09 Ac-227 6.0E-08 Pu-239 9.0E+01 

Po-211 1.6E-10 Ac-228 3.0E-14 Pu-240 2.0E+01 
Po-212 1.7E-14 Th-227 5.9E-08 Pu-241 2.2E+01 
Po-213 4.0E-11 Th-228 2.7E-14 Pu-242 1.3E-03 
Po-214 1.1E-08 Th-229 4.1E-11 Am-241 2.7E+01 
Po-215 6.0E-08 Th-230 1.2E-06 
Po-216 2.7E-14 Th-231 1.5E-04 Total TRU 1.4E+02 

Step3. Calculate the release limit scaling factor for the specific disposal system 

Calculate the scaling factor for the release limits as the ratio of the total TRU waste nuclide 
activity over the reference amount of waste (e.g., 1£6 Ci for the TRU waste category). 

SF = 1.4£ + 02 Ci = 1.4£ _ 4 
1.0£ + 06 Ci 

Step 4. Scale the Appendix A Table I release limits using the scaling factor. 

The Appendix A Table I release limits are multiplied by the scaling factor to obtain the scaled 
release limits for the specific disposal system (Table III). 

Table 1II. Appendix A Table I release limits and scaled release limits for the specific disposal 
system 

Radionuclide 
Appendix A Table I 

Release Limit (Ci per 
1 x 106 Ci of TRU Waste) 

Scaled Release Limit 
(Ci per 1.4 x 102 Ci of 

TRU Waste) 
Am-241 or Am-243 100 1.4E-2 
C-14 100 1.4E-2 
Cs-135, Cs-137 1,000 1.4E-1 
1-129 100 1.4E-2 
Np-237 100 1.4E-2 
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Pu-238, Pu-239, Pu-240. or Pu-242 100 1AE-2 

Ra-226 100 1AE-2 

Sr-90 1,000 1AE-1 
Tc-99 10,000 1AE+O 
Th-230 or Th-232 10 1AE-3 
Sn-126 1,000 1AE-1 
U-233, U-234, U-235, U-236, or U-238 100 1AE-2 
Any other alpha-emitting radionuclide with 
a half-life Qreater than 20 yrs 

100 1AE-2 

Any other radionuclide with a half-life 
greater than 20 yrs that does not emit 
alpha particles 

1,000 1AE-1 

Step 5. Identify nuclides in the specific disposal system that have release limits 

Identify radionuclides in the specific disposal system that are listed in Appendix A Table 1 or 
have half-lives greater than 20 years. Using Table III, determine the scaled release limit for each 
nuclide having a release limit (Table IV). 

Table IV. Scaled release limits for the specific disposal system 

Nuclide 

Scaled 
Release Limit 

(Ci) Nuclide 

Scaled 
Release Limit 

(Ci) Nuclide 

Scaled 
Release Limit 

(Ci) 
TI-207 No Limit Po-218 No Limit Th-232 1.4E-03 
TI-208 No Limit At-217 No Limit Th-234 No Limit 
TI-209 No Limit Rn-219 No Limit Pa-231 1.4E-02 
Pb-209 No Limit Rn-220 No Limit Pa-233 No Limit 
Pb-210t 1.4E-02 Rn-222 No Limit Pa-234m No Limit 
Pb-211 No Limit Fr-221 No Limit Pa-234 No Limit 
Pb-212 No Limit Fr-223 No Limit U-233 1AE-02 
Pb-214 No Limit Ra-223 No Limit U-234 1AE-02 
Bi-210 No Limit Ra-224 No Limit U-235 1AE-02 
Bi-211 No Limit Ra-225 No Limit U-236 1.4E-02 
Bi-212 No Limit Ra-226 1.4E-02 U-238 1.4E-02 
Bi-213 No Limit Ra-228 No Limit Np-237 1.4E-02 
Bi-214 No Limit Ac-225 No Limit Pu-238 1.4E-02 
Po-210 No Limit Ac-227t 1.4E-02 Pu-239 1.4E-02 
Po-211 No Limit Ac-228 No Limit Pu-240 1.4E-02 
Po-212 No Limit Th-227 No Limit Pu-241 No Limit 
Po-213 No Limit Th-228 No Limit Pu-242 1.4E-02 
Po-214 No Limit Th-229 1.4E-02 Am-241 1.4E-02 
Po-215 No Limit Th-230 1.4E-03 
Po-216 No Limit Th-231 No Limit 

Low Yield alpha emitter 
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Step 6. Calculate the normalized cumulative release 

The normalized cumulative release is calculated as: 

R=I~ (Eq.l) 
;=1 RL; 

where R is the normalized cumulative release (dimensionless), Qi the cumulative release over 
10,000 years of nuclide i obtained from the performance assessment model (Ci), and RL j the 
scaled release limit of nuclide i (Ci) from Table IV. Performance of the disposal system is 
simulated repeatedly producing a probability mass function (pmf) for the normalized cumulative 
release. The probability of R greater than I and 10 is determined from the simulated pmf and 
compared with the CR probability limits of 0.1 and 0.001 for R>1 and R>10, respectively 
(Figure 1). 

0.04,-------------------------, 

0.03 

Area = P(R>1) 

R=1 
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u: 0.02 
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> 
~ 
Q) 
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0.01 

0.00 

o 2 3 4 5 

Normalized Cumulative Release, R 

Fig. 1. Simulated probability mass function for R showing the probability ofR>1. The 40 CFR 
191.13 CRs limit the P(R> I) to less than 0.1. 
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